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1 INTRODUCTION  
 
Scattered fruit – trees or “Streuobstwiesen” are defined as tall trees of different types and 
varieties of fruit, belonging to different age groups, which are dispersed on cropland, 
meadows and pastures in a rather irregular pattern (Herzog, 1998). Streuobstwiesen in 
Baden-Württemberg represent 30 % of them in whole Germany (Küpfer and Balko, 2010). 
They are planted at an average density of 20 to 100 stems per hectare, around 6.000 hectares 
of grassland and 600.000 scattered fruit – trees are found in the foothills of the Swabian Alb 
(Trommler, 2012). This is a traditional landscape in the temperate, maritime climate of 
continental Western Europe. Scattered fruit – trees were a kind of rural community orchard, 
that were intended for productive cultivation of stone fruit (Behrens, 2009) on small surfaces 
with more uses (Thumm, 2016). Meadows under scattered fruit – trees are low – intensity 
systems, that need to be sustained through regular, but extensive and moderately frequent 
human uses (Trommler, 2012). Utilisation of meadows under scattered fruit – trees in 
livestock farming system in South Germany apparently reached increased interest in recent 
years. From a need to reduce the production costs, because of increased concern about the 
quality of the environment and because of agricultural products produced from it. 
Streuobstwiesen are appropriate for grazing cattle, the blowing of wind is reduced and 
shadow is offered in hot summers. Scattered fruit – trees are also important habitats for many 
birds, insects, other animals and different plant species (Vidrih, 2005). During 1970 and 
1980 many surfaces with scattered fruit – trees near towns and cities were built over, 
nowadays the usage of them has a lack of interest because of unappropriated economic 
efficiency (Küpfer and Balko, 2010). Scattered fruit – trees must be trimmed with large effort 
in order to produce fruit. Grassland under the trees needs to be mown, otherwise the bushes 
overgrow and this may be a main reason why this extraordinary importance for environment 
and people is gone (Küpfer and Balko, 2010). Because of the difficult mechanisation, one of 
the most appropriate usages of grassland under scattered fruit – trees is supposed to be 
grazing animals, which are maintain the nutrient level in the areas. However, due to the 
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common heritage system in Baden-Wuerttemberg with divided inheritance of land, the field 
plots are very small and this hinders the land use as wide spread open pastures. 
 
In order to answer the dilemma of using scattered – fruit trees in South Germany it seems to 
be necessary to know more about the agricultural values of such areas. Therefore, in this 
master thesis more data on dry matter yields, forage quality and botanical composition 
between pastures and meadows should be measured.  
 
First hypothesis (1) addressed by this observation study was, that mown grassland will have 
a larger proportion of grasses and a higher percentage of plant species with high nutritive 
value. Grazed grassland facilitates the establishment of plant species with lower nutritive 
value, an effect that can presumably be prescribed to selective foraging behaviour.  
 
Second hypothesis (2) was to compare the productivity between sunny and shaded grassland 
areas of meadows and pastures, where shaded areas are supposed to be less productive than 
sunny grassland areas; however, the nutrient return via fallen leaves and the higher soil 
moisture should give opposite conditions. 
 
The aim of this study was to assess and compare the above – ground dry matter yield, 
differences in forage quality and botanical composition that occurred under mowing and 
grazing regimes over last ten years. 
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2 LITERATURE REVIEW 
 
2.1 PERFORMANCES OF USING STREUOBSTWIESEN AS PASTURE AND 
MEADOW 
 
Farmers often have an opinion, that grassland used as pasture produces smaller dry matter 
yields in comparison to meadows (Starz et al., 2016). Nevertheless, the quality of grasses on 
pasture highly depends on pasture management. Grazing allows animals to consume grass 
on a pasture with high-energy content. If grass is not grazed in optimal state, the quality of 
forage most thoroughly decreases (Corrall and Fenlon, 1978) so the optimal management is 
a yearly challenge. Rotational grazing and paddock pastures are the most efficient, work 
saving forms of pasture (Morgan, 2017) and are appropriate for locations with enough 
precipitation. In case of lower precipitation rates paddock pastures are more appropriate than 
rotational grazing (Thomet, 1998). In order to adapt it to the weather conditions, the system 
with paddock pastures must be planned (Starz et al., 2016).  
 
Nutritive values and dry matter yield of semi – natural grasslands are greatly influenced by 
management factors of fertilisation and utilization form (Kramberger and Gselman, 2000). 
Mowing frequency affects the productivity (Binnie et al., 1980) and the nutritive value 
(Santis et al., 2004) of forage plants, partly also through changes to their morphological 
development (Bélanger et al., 1991). From the view of forage production it is important, that 
grassland swards consist out of 50 – 60 % grasses, 20 – 30 % legumes and 10 – 20 % herbs 
and has high productive performance with long growth period and high nutritive value (Čop, 
1998). 
 
Streuobstwiesen are traditionally mown two times per year to produce hay, although the 
drying process is delayed because of shaded areas. At extensive usage of Streuobstwiesen, 
it is common that toxic plant species, like autumn crocus (Colchicum autumnale) and 
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ragwort (Senecio jacobea) occur. Early and often mown Streuobstwiesen with high forage 
quality can be used for making silage, where mown tolerant grass species can be established. 
With effortful mowing around the trees and intensive usage of grassland under scattered fruit 
– trees, taken nutrients of soil should be annually returned. Because of various conditions of 
Streuobstwiesen, their optimal usage of grassland is not jet known, though it is nowadays a 
common agricultural usage (mowing, grazing, mulching) a good adaptation (Thumm, 2016). 
 
The botanical composition of pastures gave an important contribution to livestock 
enterprises. Climate, soil fertility, quantity and quality of herbage are influencing the 
available forage reserves for grazing animals. Animals are mainly influencing pastures 
through grazing and nutrient transfer (Shaklane et al., 2013). Environmental factors like soil 
moisture and soil fertility, are key factors influencing changes in botanical composition 
(Garden et al., 2001). Over a period of years, the original botanical composition of pastures 
changed in response to soil fertility, climate, livestock and pasture management. Grazing 
management can enable the ability of animals to be selective in their choice of forage intake. 
This can be connected to changes in botanical composition of pastures, if offered herbage 
increases in age and maturity (Arnold, 1960). A sustainable pasture management takes this 
heterogeneity of pasture soil in consideration, potassium and nitrogen can be depleted from 
topsoil more easily than phosphorus due to a comparatively higher transfer from soil to the 
harvestable plant biomass (Bohner and Tomanova, 2006). A great influence on forage 
quality has botanical composition and stage of maturity while harvesting, especially on 
grassland where grasses are dominant. White clover can improve forage quality to be higher 
and more stable, especially while using as pasture and meadow (Čop, 1998). To produce 
fresh grass effectively, there is a need to find a compromise between forage quality and 
quantity. The factors to determine the forage quality are crude protein, crude fibre, acid 
detergent fibre and metabolic energy (Čop, 1998). 
 
On extensively grazed areas, excrement patches represent the main nutrient supply for 
pastures. Apart from biomass productivity, selective behaviour of grazing animal is also 
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affected at the excrements (Scheile et al., 2016). Selective grazing by sheep and cattle 
normally creates a mosaic of different heights, which is clearly marked during periods when 
there is surplus of herbage (Correll et al., 2003). To maintain the optimal botanical 
composition, pastures like that should be mulched. One consequence of selective grazing is 
also higher spread of plant species with lower palatability for grazing animals (Thumm, 
2016). Botanical composition can diminish when pastures are overgrazed, the height of cut 
is too low and also the usage of organic fertilizer can highly influence it (Čop, 1998).  
 
Grassland swards have distinctively asymmetric seasonal growth with maximum in spring, 
summer depression and one or two growth peaks late in the summer (Figure 1). The growth 
is normally defined with temperature and irradiance of sun light at the beginning and the end 
of growing season. Growth depends on physical factors of grasses and possibly drought 
during the main time of growth season (Čop, 1998). Good weather conditions in spring 
enable high production of quality dry matter so the efficiency of grassland swards can be 
improved with rotational grazing at 3 – 7 cm height of sward. The frequency of cuts per year 
directly influences the DM yield, but it influences also indirectly on botanical composition. 
Most important for good annually yields are, that the first cut is done early enough to get 
great quality forage and to affect positively on second cut (Čop, 1998).  
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Figure 1: Net accumulation of perennial ryegrass (Lolium perenne) cv. S24 at all cuts in a year (Sheehy and 
Johnson, 1988) 
Slika 1: Skupen prirast trpežne ljulke (Lolium perenne) pri vseh košnjah v letu (Sheehy in Johnson, 1988) 
 
Effects of grazing on vegetation tend to be explained firstly by visible, above – ground 
changes in the litter structure and secondly, in vegetation due to defoliation and trampling. 
Herbivores proceed nutrients directly by ingestion, retention and excretion. At the same time 
they indirectly modify mineralisation, dry deposition leaching and erosion (Vidrih, 2003). 
The characteristic plant groupings on pastures under trees, where animals are resting, are 
representing the outcome of a complex set of interactions among grazing, trampling and 
input of plant nutrients from faeces and urine (Rogers and Whalley, 1989).  
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2.2 IMPORTANCE OF STREUOBSTWIESEN 
 
Streuobstwiesen are a traditional farm form of scattered fruit – trees, located in middle 
Europe, Switzerland and Austria (Böhm, 2017). Streuobstwiesen are nowadays endangered 
biotopes in Mid Europe (Böhm, 2017). They offer rich structures of habitats to plant and 
animal species that are hard to find in modern agriculture environments. Streuobstwiesen are 
one of the last habitats for some bird species, who were close to extinction. Especially in old 
apple trees, there are natural holes who offer a brooding and living place for songbirds, owls, 
dormouse and bats. With rapidly reducing of old trees in forests, are Streuobstwiesen with 
their high-stem fruit trees an important shelter for woodpeckers. There is a place to find 
5.000 varied species of beetles, bugs, ants, butterflies, etc. An important effect on living is a 
combination between grassland and open treetops with hedges and other natural structures. 
Those are appropriate for forest and for open land living species, with mixture of many 
environment effects (temperature, shelter, humidity …). Fruit trees are used as wind and 
erosion barriers, therefore, maintaining, developing and supporting of Streuobstwiesen is a 
concept to assure the living habitats (Jaskowski, 2017). If grass grown under scattered fruit 
– trees cannot be used as forage for economical or other reasons, it should be mulched. 
Grassland of Streuobsewiesen with higher inclination can be optimally maintained with 
grazing animals (Thumm, 2016). Streuobstwiesen are an important factor while describing 
agriculture in South Germany, especially for Baden–Wurttemberg. They are, as part of 
agroforestry systems again increasing in interest. They offer the potential to solve important 
ecological and, especially biodiversity problems. At the same time, they are enabling the 
production of food, wood products and forage for cattle. Generally agroforestry systems will 
become increasingly important as they offer the prospect of producing woody materials for 
bioenergy on the same land area as food and/or forage plants, while enhancing overall 
biodiversity (Nerlich et al., 2013). Streuobstwiesen are directly connected to people’s lives 
in the area and to those, who use the natural landscape with scattered fruit – trees as nearby 
recreation areas. With ecotourism, reintroduction of cultural values and landscape protection 
there exist many possibilities to emphasize special ecological importance of Streuobstwiesen 
to the society.  
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2.3 PERFORMANCE OF USING SHADED AND OPEN AREAS ON 
STREUOBSTWIESEN 
 
It is supposed, that usage of photosynthetically active radiation at scattered fruit – trees is 
high, because plants of grassland sward begin to grow early in spring, before the trees 
develop their leaves. In summer the trees are more efficient at photosynthesis than grasses, 
because of deeper roots that reach water. Nevertheless, in the autumn, when the trees lose 
their leaves, the conditions for growth of plants in grassland sward are still beneficent. 
Scattered fruit – trees protect animals against extreme weather conditions, sun light and they 
offer them shadow in hot summer days. Grazing in agroforestry conditions makes for the 
most quality usage of pasture, because animals are grazing and excreting to fertilise on the 
pasture at the same time (Vidrih, 2005).  
 
Shadow should have a great influence on growth of grass under the scattered fruit – trees. 
Shadow of scattered fruit – trees plays an important role: the microclimate, weather, 
nutritional concurrence and fallen leaves do influence on grassland beyond the trees. The 
measurements of light close to tree stem showed, that there is only 10 % of total light 
intensity available (Thumm, 2016). In the study of Derner and Wu (2001) frequency 
distributions of relative light intensity (RLI) was similar for two non-distributed grasslands, 
despite different grass composition (forbs vs. caespitose). Light distribution has often been 
studied in forests (Oliveira-Filho et al., 1998), but it is difficult to quantify in grasslands even 
though light distribution is recognized as being important for seedling establishment and 
recruitment (Morgan, 1998). Spatial distribution of light in grasslands has received attention 
with increasing importance of form of plant species to absorb light (Anten and Hirose, 1999). 
Light within the canopy or at the soil surface in grassland can be considered as a pattern of 
discrete patches of high – light vs. low – light areas that are classified using an arbitrary 
threshold of light intensity (Derner and Wu, 2001). 
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Legumes and herbs need high light illumination, therefore shadow tolerant grasses like 
cocksfoot (Dactylis glomerata) and Kentucky bluegrass (Poa pratensis) replace them under 
scattered fruit - trees. On grassland of Streuobstwiese there are established plant species with 
lower light intensity needs. To reduce the influence of shadow through fruit trees, the trees 
should be planted in north – south way and space between the trees should be adjusted to 
working width (Thumm, 2016). 
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3 MATERIALS AND METHODS 
 
3.1 LOCATION 
 
The observation study was carried out on conventionally managed farm “Sulzburghof” of 
family Kuch on grazed and mowed Streuobstwiesen with three replications. The farm is 
located in Unterlenningen, at the northern part of Swabian Alb (nearby Stuttgart, 009°27'16" 
south, 48°33'52" west). The type of soil on observed surfaces is a shallow, brown soil 
rendzina, from hang of limestone, marl and dolomite with average pH – value 7.4. The 
surfaces are placed on eastern side, on 438 m above sea level. On this location, average 
temperature is 8.6 °C and the yearly precipitation is 748 mm per year (Figure 2). 
 
 
Figure 2: Average temperature and precipitation in Unterlenningen during the time period 1982 – 2012 (Klima 
…, 2017) 
Slika 2: Povprečna temperatura in količina padavin v kraju Unterlenningen v letih 1982 – 2012 (Klima …, 
2017) 
 
Weather conditions in March 2017 were supporting the growth of grass under scattered fruit 
– trees. As a result, grazing at beginning of April was possible (10.4.2017). At that time, 
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temperature raised up, but in the last week of April surprisingly low temperatures with snow 
showers appeared. In May, it rained excessively, compared with the previous months while 
the temperature rose again. In June, the precipitation was lower and it did not enable optimal 
conditions for grass regrowth. Figure 3 shows the precipitation level and temperatures in the 
spring 2017. 
 
 
Figure 3: Weekly average precipitation and temperature on weather station Stuttgart/Echterdingen from 
beginning of March to end of June 2017 (DWD, 2017) 
Slika 3: Povprečna tedenska količina padavin in povprečna temperatura na vremenski postaji 
Stuttgart/Echterdingen od začetka marca do konca junija 2017 (DWD, 2017) 
 
3.2 DESIGN OF OBSERVATIONAL STUDY 
 
In order to answer the questions of this observation study and to describe the grass growth 
potential, comparisons between grazed and mowed areas should be possible. The farmer 
confirmed, that at the beginning of the observational study (April 2017), all surfaces 
(Streuobstwiesen) were used for at least 10 years as pasture or as meadow. For the needs of 
this observation study, meadows with scattered fruit – trees as treatment 1 (mown) in three 
replications were used. In Treatment 2 (grazed) were pastures with scattered fruit – trees 
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with three replications. Additionally, the different areas are subdivided in sunny and shaded 
areas, where shaded areas on meadows and pastures represent approximately 40 %. The 
distribution of shaded areas and description of observational plots is shown in Figure 4. The 
observational study was carried out at the first two cuts in 2017, because those are the most 
important for the farmer. Each observational plot has 0.61 ha and all the plots are close to 
each other. The pastures were divided with electric fences. Watering places were also 
provided. 
 
 
Figure 4: Plan of observational study; three repetitions of meadows are labelled as a, b, c. Three repetitions of 
pastures are labelled as A, B, C. Watering place is marked on the right upper corner of surface B  
Slika 4: Načrt opazovalne študije, kjer so tri ponovitve košenih površin označene z oznakami a, b, c. Pašne 
površine s tremi ponovitvami so označene z A, B, C. Na desnem kotu pašnika B se nahaja 
napajališče za živali (water) 
 
 
 
 
3.3 SOIL ANALYSIS AND FERTILIZATION  
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The soil is a shallow, brown soil rendzina, from hang of limestone, marl and dolomite. 
Before the start of grazing, soil samples were taken from the 0 – 10 cm soil layer (A – 
horizon) on meadows and pastures for chemical analysis. In each observational plot, three 
samples were taken in shaded area in radius from 1 – 3 m around stems. Further three 
samples were taken on sunny areas and were mixed together into one representative sample 
per surface. 
 
Soil samples were dried and analysis were carried out to analyse at Landwirtschaftliches 
Technologiezentrum Baden-Württemberg (LTZ Augustenberg), where the parameters pH-
value, phosphorus, potassium and magnesium were examined after provision of VDLUFA 
Methodenbuch Band I (Thun et al., 2012).  
 
In Figure 5, the results of the soil analysis are shown. pH value is neutral to basic with a 
value of 7.4. It can be seen, that magnesium is slightly higher on shaded areas with 14.6 mg 
100 g-1 in comparison to sunny areas with 10.0 – 11.3 mg 100 g-1. This cannot be said for 
phosphor, where its value variates between 6.3 to 9.6 mg 100 g-1. Potassium is accumulating 
on sunny areas of meadows, 21.6 mg 100 g-1. Primarily the topsoil of shaded areas on 
pastures has been enriched with the nutrients due to enhanced input with cattle excreta; 
especially potassium is accumulating in topsoil with 41.0 mg 100 g-1. 
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Figure 5: Results of soil analysis, taken at the beginning of the observational study (n = 3, pH = pH value, P = 
P2O5 (mg/100g), K = K2O (mg/100g), Mg = Mg2O (mg/100g)) 
Slika 5: Rezultati analize tal katerih vzorce smo odvzeli pred začetkom opazovalne študije ((n = 3, pH = pH 
vrednost, P = P2O5 (mg/100g), K = K2O (mg/100g), Mg = Mg2O (mg/100g)) 
 
Table 1: Content classes for grassland of tL soil type (LUFA NRW, 2014) 
Preglednica 1: Razredi preskrbljenosti s hranili na lahkih glinastih tleh travinja (LUFA NRW, 2014) 
  
A B C D E 
very low low adequate high very high 
P2O5 
 (mg/100g) 
-5 6 – 13 14 – 24 25 – 38 39 + 
K2O  
(mg/100g) 
-5 6 – 13 14 – 24 25 – 38 39 + 
Mg 
 (mg/100g)  
-5 4 – 5 6 – 9 10 – 14 15 + 
 
The pastures had been grazed by Simental heifers three times per grazing season for more 
than 10 years. Stocking density was approximately 14 LU ha-1 (17 LU × 0,8 = 13,8 LU) from 
early May to the end of October on rotational pastures. Every year there were approximately 
4.6 m³ (Eq. 1) excreta divided on pastures (Senica, 2012). Only once in the last 10 years, 
were the pastures fertilised with farmyard manure, mostly cattle slurry. Under scattered fruit 
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– trees animals are resting in every weather; to use the treetop as protection towards rain or, 
normally to get under shadow in hot summer. Grazing and trampling intensity and uneven 
return of cattle excreta on grazed pastures result in a spatial heterogeneity in soil nutrient 
content. On permanent pasture there is a need to control trampling and grazing intensity in 
order to induce nutrient accumulation and weed infestation (Bohner and Tomanova, 2006).  
 
13,6 LU/ha × 180 day/year × 0,002 m³ = 4,6 m³/ha                                                                             …(1) 
 
Meadows were fertilised regularly with farmyard manure every spring and autumn with low 
doses of 12 m3 slurry per hectare. Through annually fertilization in the region of Swabian 
Alb, the soil nutrients can be better available to grassland sward (Thumm et al., 2017). The 
amount of sprayed slurry and its minerals are shown in Table 2 below. To improve the level 
of phosphorus on the meadows, were in year 2014 and 2015, in autumn and spring fertilised 
with superphosphate, 100 kg ha-1. To increase the dry matter yields, in year 2016 and 2017 
the meadows were fertilised with sulphuric acid ammonium (100 kg ha-1) in autumn and 
spring.  
 
Table 2: Nutrient content of cattle slurry, sprayed on permanent meadows with scattered fruit – trees (kg/m3) 
two times per year 
Preglednica 2: Vsebnost hranil v goveji gnojevki (kg/m3), s katero so 2x letno gnojene travnate površine 
starih sadovnjakov (skupna količina gnojevke 12 m3/ha)  
Amount DM in % 
Nitrogen (kg/m3) P2O5 
(kg/m3) 
K2O 
(kg/m3) 
MgO 
(kg/m3) 
CaO 
(kg/m3) Total NH4-N 
1 m3 7 3.5 2.0 1 3 1 0 
24 m3 / year 168 84 48 21 63 24 0 
DM= percent of dry matter in cattle slurry  
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Figure 6: Visually described observational plots with their fertilising regime  
Slika 6: Slikovni prikaz časa in količine gnojenja na opazovanih košnih in pašnih površinah  
 
Trees and cows are representing pastures, which are grazed since 2011. In years from 2007 
to 2016 it has been fertilised only with excrements of animals, only in year 2016 surface A 
and B and in year 2017 surface C were fertilised with cattle slurry. Trees and scissors 
represent meadows, who are usually cut 3 – 4 times per year. These surfaces are fertilised 
each year per surface with 24 m3 of cattle slurry.  
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3.4 FORAGE QUALITY AND YIELD 
 
3.4.1 Measurements of dry matter yield on meadows 
 
Forage quality is defined as sum of total plant components that influence the use of forage 
for animals (Cherney and Hall, 2008). Six basic factors affect forage quality (but not yield), 
ranked by their impact on forage quality, include maturity, botanical composition, harvest 
and storage, environment, soil fertility and variety (Cherney and Hall, 2008). To define the 
forage quality in Streuobstwiesen, representative samples at harvest dates of forage in sunny 
and shaded areas were taken. The height of sward was measured, the yield estimated and 
defined, also the description of the maturity stage of grasses with a 0.8 × 0.8 m2 frame per 
each area was recorded. Three replications were made per each observational area. The 
samples were taken just before first and the second mowing in stem elongation and flowering 
stages of grassland sward, was done. It is known that the first and second mowing highly 
affect on total annual yield and therefore these first two cuts per year were observed 
Žnidaršič et al. (2015). They were dated on 16 May and on 16 June 2017, at optimal mowing 
time to gain high forage quality in this region.  
 
3.4.2 Measurements of dry matter yields on pastures 
 
Defining forage quality on grazed Streuobstwiesen has taken a bit more attention, based on 
method of (Corrall and Fenlon, 1978). Samples with three repetitions of pastures were taken 
just before 17 heifers in age of approximately 15 months were chased on the first plot (C). 
After five days of grazing, new samples on next two surfaces were taken (A, B). After next 
five days of grazing the animals were chased from surface A to X surface. Concerning to the 
weather conditions, there was a need to wait until the last surface B had enough forage for 
the heifers for 5 days of grazing. The representative samples were taken also from surface 
B. After 7 weeks of regrowing, the same protocol with estimating the height and yield of 
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samples was done. The optimal adjustment of nutrient supply is crucial to achieve good 
animal performance while maintaining efficient pasture utilisation per hectare (Peyraud and 
Delagarde, 2013). 
 
All taken samples were weighted and dried at University Hohenheim in order to measure 
dry matter (48 h with 60°C) and were finally sent to the laboratory of LAZBW Aulendorf to 
define the forage quality facts as crude protein, acid detergent fibre, crude ash, crude fat, 
metabolic energy, net energy for lactation and minerals like calcium (Ca), potassium (K), 
magnesium (Mg), phosphorus (P). Crude protein and fat content were done with VDLUFA 
method (VDLUFA, 2012). Gas formation potential (GF) was determined by Hohenheim 
feed value test. Moreover, the metabolic energy (ME) (2) and net energy lactation (NEL) (3) 
under regard of crude protein (XP), acid detergent fibre (ADFom), crude fat (XL) and crude 
ash (XA) content were calculated:  
 
ME (MJ ME/kg DM) = 7.81 + 0.07559 x GF – 0.00384 x XA + 0.00565 x XP + 0.01898 x XL – 
0.0081 x ADFom                                                                                                                         … (2) 
 
NEL (MJ NEL/kg DM) = ME x (0.48 + 10.37 x ME / (1000-XA))                                             …(3) 
 
Furthermore, crude ash content (% kg-1 DM) und minerals (g kg-1) were determined. Fibre 
content in dry matter were set out of lignin, cellulose and hemicellulose (lignin cellulose = 
acid detergent fibre) (Thumm et al., 2017). 
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Table 3: Time schedule of taking samples on pastures with scattered - fruit trees. Forage samples, taken on 
sampling dates were used for forage analysis 
Preglednica 3: Časovna razporeditev odvzema vzorcev paše na pašnih površinah s sadnimi drevesi. Vzroci 
paše odvzeti na dan vzorčenja so bili uporabljeni za analizo krme 
Date Activity  Pasture 
Number of taken samples on 
 sunny and shaded areas 
10 April 2017 1. Sampling date  C, A, B 18 
11 April 2017 1. Grazing C  
11 April 2017 1. Grazing residues C 6 
20 April 2017 2. Sampling date  A, B 12 
20 April 2017 2. Grazing A  
20 April 2017 2. Grazing residues A 6 
25 April 2017 Grazing  X  
30 April 2017 3. Sampling date  B 6 
30 April 2017 3. Grazing B  
05 May 2017 3. Grazing residues B 6 
05 May 2017 Grazing  X  
01 June 2017 4. Sampling date  C, A, B 18 
01 June 2017 4. Grazing C  
07 June 2017 4. Grazing residues C 6 
07 June 2017 5. Sampling date  A, B 12 
07 June 2017 5. Grazing A  
12 June 2017 5. Grazing residues A 6 
12 June 2017 Grazing  X  
19 June 2017 6. Sampling date  B 6 
19 June 2017 6. Grazing B  
24 June 2017 6. Grazing residues B 6 
  Grazing  X   
 
The beginning of the 1st grazing period was defined when the first pasture, out of three 
repetitions, had enough forage to last 17 heifers for five days. To get a representative sample 
of forage quantity, the height of sward was measured, the yield was estimated and the 
maturity stage of grasses in a 0.8 × 0.8 m2 frame was described. The pasture was stocked 
with approximately 15 month old heifers which usually consume 8 – 10 kg DM day-1 
(Senica, 2012). Therefore, the need of each pasture was at least 765 kg DM (4) for five 
grazing days. It has been taken it into concern, that shaded areas are less productive than 
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sunny grassland areas. Each pasture was divided in sunny and shaded areas, where shaded 
area covered approximately 40%. 
 
9 kg DM/day × 5 day × 17 heifers = 765 kg DM/pasture                                                             …(4) 
 
3.4.3 Measurements of grazing rests and exclosure pasture cages 
 
After five days of grazing, sward heights were representatively estimated after grazing. 
Grazing residues with the 10-point scale (method of LAZBW Aulendorf) on sunny and 
shaded areas of pastures were estimated. 
 
To define the realistic intake of forage on pastures, we used a 1 m × 2 m exclosure cage each 
one per sunny and per shaded area. The cage protected grass to be grazed by animals and 
after five days of grazing, the surface under the cages were cut and weighted to the amount 
of fresh matter. From these samples, the level of consumed dry matter by heifers was 
recorded. Figure 7 below is visually representing exclosure cages to relieve the right idea. 
 
Figure 7: Visualised cages on a pasture; one cage is located on sunny area, the other in shaded area 
Slika 7: Slikovni prikaz postavitve pašnih kletk na sončnih in senčnih območjih pašnika (pod krošnjo dreves)  
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3.5 BOTANICAL COMPOSITION 
 
Sampling to define botanical composition in the beginning of May 2017 contained the 
vegetation analyses based on yield proportions of plant species, considering the proportion 
of grasses, legumes and herbs (Klapp and Stählin, 1936). The botanical composition was 
estimated on 25 m2 areas when identification of meadow plant species was most reliable. 
This estimation of botanical composition was made with three repetitions, each on sunny 
and shaded areas for meadows and pastures. The meadows were in spring 2013 directly sown 
into the grassland swards with the official grass – legume mixture NSU (7 kg ha-1) (LAZBW, 
2016) after the first cut in May. The composition of this mixture is explained in Annex B. 
On meadows, the analyses were done at the first growth, but on the pastures, the analysis 
was determined already on the second growth, directly after the 1st grazing period. 
 
3.6 ECOLOGICAL STRATEGY TYPES 
 
Plant species have constant predictable habitats, based on their ecological behaviour (Grime, 
1974, 1979). The following groups are defined:  
• distinguished competitive strategy (C) where disturbance is rare and resources are 
abundant,  
• stress strategy (S) when resources are scare and conditions severe (minimum, 
maximum) but disturbance is uncommon and  
• ruderal strategy (R) where disturbance levels are high, resources abundant and 
conditions not in the extremes (Klotz and Kühn, 2002).  
Most plant species in BIOLFLOR are determined to one out of seven ecological strategy 
types (C, S, R, combinations of them) according to their live form, pollination, dispersal 
characteristic and ecological indicator values (Ellenberg et al., 1992).  
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In category with strategy R (ruderal strategic species = ruderals) are species which have short 
growing time, most of plant mass is used for generative reproduction. These species are in 
no concurrence with other species, they form fast in new environment. Their advantages are 
high in proportion of seeds and ability to spread the seeds effectively (with wind). Because 
of their short period of growing, low growth and sensibility on shadow, they are inferior to 
C strategic species (C – competitors), which are often shadow resistant and have bigger 
proportion of vegetative plant parts. The R strategic species react positively to all kind of 
disturbance, the C species dispose to them and prefer permanent stable environment. For the 
incidence of plant are important many other abiotic factors like temperature, humidity, 
nutrient level and other factors in soil. If these factors are present in minimum or maximum 
levels, plant species are in stress situation. Category of species who are stress tolerant are 
named S = stress tolerant. They are growing under stressful conditions for example on 
constant dry areas, cold areas etc. Not every plant species can belong only to one type. There 
are also intermediate strategies in many possible combinations: 
• CR – strategist = concurrent – ruderal strategist,  
• CS – strategist = concurrent – stress strategist,  
• SR – strategist = stress – ruderal strategist,  
• CSR – strategist = concurrent – stress – ruderal strategist.  
To picture the situation of ecological strategy types (Grime, 1974; 1979), developed a 
triangle model of ecological primary strategies shown in Figure 8. Intensity of disturbance 
is here shown as the intensity of stress (Klotz and Kühn, 2002). 
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Figure 8: Triangular model of primary ecological strategies: C = competitor, S = stress tolerate; R = ruderal 
and intermediate strategists with relative importance of competition (Ic), stress tolerance (Is) and 
disturbance (Ir ) (Grime et al., 1988) 
Slika 8: Trikotni model primarnih ekoloških strategij: C = kompetitivna strategija, S = na stress tolerantna 
strategija, R = ruderalna strategija ter kombinacije teh treh strategij z relativno pomembnostjo 
kompetitivnosti (Ic), tolerantnosti na stress (Is) in motenj (Ir) (Grime in sod., 1988) 
 
3.7 ECOLOGICAL INDICATORS 
 
Calculation of forage and ecological values of grassland sward were made with vegetation 
program Tabula 5.0 and corresponding databank (Ellenberg et al., 2001; Briemle et al., 
2002). Therefore, supposed nutrient value of forage, nutrient level of soil, mowing and 
grazing tolerance of meadows and pastures were calculated. In addition, values of light 
absorption, humidity, reaction and temperature were determined. Their scale is defined in 
tables below.  
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In order to score the nutrition value of forage, the indicator scale (Klapp et al., 1953) was 
used for breeding animals. To define the forage quality for each plant species, the scale from 
-1 (poisonous) to 8 (best forage value) (Table 4) was generated on a basic of 374 plant 
species. To describe the forage quality next factors were observed: protein and mineral 
content, taste and acceptance by the animals, proportion of quality plant parts (leaves, 
flowers, shoots, seeds), time period of nutrition plant, usage and harvesting of plant species, 
toxicity, harmfulness and also a proportion of share to plant formation (toxic plant species 
may have max. 3 %). The mean value of forage quality value is calculated out of proportion 
of each plant species to yield defined by (Briemle, 1997).  
 
Table 4: Forage value score (Klapp et al., 1953; Briemle, 1997)  
Preglednica 4: Ocene za kakovost krme (Klapp in sod., 1953; Briemle, 1997) 
Forage value (old) Forage value (new) Forage value 
(Klapp et al., 1953) (Briemle, 1997)   
-1 1 poisonous for livestock (and humans) 
0 2 without forage value 
1 2 very low forage value 
2 3 low forage value 
3 4 between 3 and 5 
4 5 medium forage value 
5 6 between 5 and 7 
6 7 high forage value 
7 8 between 7 and 9 
8 9 best forage value 
 
Mowing tolerance after Briemle (1997) is an idividuall, morphologic-ecopsyhiscal feature 
for vascular plants. It represents close connection between regeneration ability and growth, 
it also depends if plants are able to save enough assimilations before being grazed. Definition 
of scoring is defined in Table 5. Scoring is defined from M 1 to M 9, where M 1 represents 
plants which can handle only with cut in autumn, between M 4 and M 6 there are middle 
intensive used meadows. From M 7 to M 9 there are plant species with high growth rate and 
optimal generative regrowth (Briemle, 1997).  
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Table 5: Mowing tolerance with cuts per year and vegetation type (Briemle, 1997) 
Preglednica 5: Občutljivost na pogostost košnje z ozirom na tip vegetacije (Briemle, 1997) 
Incidence M - number Mowing tolerance 
Cut freqency per 
year 
Notice to 
utilization 
Pasture 
edges, old 
fallow 
ground, 
1 
Not any cut is tolerated 
0 
Grass 
cannot be 
used as 
forage 
litter 
meadows 
Between 1 – 3  
 
Sensitive (only autumn cut 
is tolerated) 
 2  1 
  3  1 
Extensive 
to middle 
intensive 
utilized 
grassland 
4 
Between 3 – 5  
(1. cut not before middle 
July) 
1 – 2 Grass can 
be used as 
forage 
Middle cut tolerant 
(1. cut not before 
beginning of July) 
Between 5 – 7  
(1. cut not before middle 
June) 
 5  2 
  6  2 – 3 
Intensive 
grassland or 
even 
grassland in 
parks 
7 
Cut of grass is well 
tolerated 
3 – 4 Grass can 
be used as 
forage 
Between 7 and 9 
Tolerant to grazing and 
mowing, they stay 
concurrent only with often 
being mown and trampled  
 8  4 – 6 
  9   > 6 
 
Grazing tolerance is not equal to trampling tolerance. Definition of grazing tolerance and its 
parameters is explained in Table 6. Plant species, which are common on pastures because of 
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their adjustment to be avoided by grazing animals get the highest (W 9) score. A plant 
species with lower score (W 3) may be grazed once or two times per year on extensive 
pastures (Briemle, 1997).  
 
Table 6: Grazing tolerance and its parameters (Briemle, 1997) 
Preglednica 6: Občutljivost na pašo glede na različne parametre (Briemle, 1997) 
W - 
number 
Grazing tolerance Grazed per year 
Pasture intensity - 
effects on 
grassland sward 
Type of grazing 
1 
Grazing not 
appropriate 
0 to 1, of every 2 
years 
Pasture only for 
very extensive 
grazing 
Short time extensive 
pasture 
2 Between 1 to 3    
3 
Severely for 
grazing 
1 
Pasture moderate 
appropriate for 
grazing 
 
4 Between 3 to 5 1 to 2 
Grazing of usable 
plant parts 
partly grazing of 
usable plant parts 
Extensive pasture 
5 
Moderate for 
grazing 
2   
6 Between 5 to 7 2 to 3 
Grazing of usable 
plant parts 
Rotational pasture 
7 
Appropriate for 
grazing 
3 
Often grazed or 
avoided 
Rotational pasture 
8 Between 7 to 9 3 to 4  Intensive pasture 
9 
Perfect for 
grazing 
4 and more 
Often completely 
grazed or avoided 
Intensive pasture, 
portion pasture 
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In Table 7 is grazing tolerance defined by characteristic of plant structure. 
 
Table 7: Definition of grazing tolerance of plants (Briemle, 1997) 
Preglednica 7: Definicija občutljivosti rastlinskih vrst travne ruše na pašo (Briemle, 1997) 
W - 
Number 
Aspects of scale 
1 – 3 
Plant species with assimilation organs, tolerating only grazing or trampling, once a 
year at a late stage of development. 
4 – 6  
Plants tolerating to be partly picked once or twice, or which are not immediately 
foraged on at extensive or moderate utilisation (when enough forage is on offer), since 
tasty grasses are grazed first. 
7 – 9 
Plant species: 
1. Regrowing fast after being grazed or trampled 
2. That are hardly grazed because of their form (e.g. they grow close on the ground)  
3. Where only shoots (not the leaf rosette) is grazed 
4. That do not depend on annual generative reproduction  
5. Which are hardly damaged through trampling, as they recover well (e.g. because of 
rough leaves structure)  
6. Are not favoured by animals, e.g. as a result of being poisonous, thorny, hairy, 
leathery or aromatic taste or smell 
7. That are avoided due to reasons illustrated in 6. 
8. That have mostly finished their phenologic stages before cattle are chased to pasture 
 
In Table 8, the levels of indicator values are shown. Light intensity is defined as relative 
number to illumination on upper surface.  
 
Plants with number L 1 can grow with very low light intensity (prefer shaded areas) and 
oppositely the one with number L 9 needs fully illumination.  
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Temperature number is an indicator for temperature growing conditions, for example 
mediterranean (T 9) to alpine growing condition (T 1).  
 
Humidity number is an indicator for soil humidity of plant species, from F 1 as dry 
conditions to F 12, plant species growing under water. 
 
Reaction number represents reactions of soil, R 1 is defined at plants that are growing on 
great acid soil, R 9 for plants that grow on neutral and basic soil.  
 
Nitrogen number N 1 represents poor nutrient supply of soil, N 9 represents rich nutrient 
supply of minerals like nitrogen, phosphate and potassium (Ellenberg et al., 1992). 
 
Table 8: Indicator values (Ellenberg et al., 1992) 
Preglednica 8: Vrednosti različnih dejavnikov okolja na skali od 1 do 9 (Ellenberg in sod., 1992) 
Scale 1 2  3 4 5 6 7 8 9 
Light 
intensity 
Deeply 
shaded 
 
 
Shadow  
Half 
shadow 
 
Half 
light 
Light Lightly 
Humidity 
number 
Very dry  
 
Dry  Fresh  Damp  Wet 
Reaction 
number 
Strongly 
acid 
 
 
Acid  
Moderate 
acid 
 
Lightly 
acid to 
basic 
 Basic 
Temperature 
number 
Cold   
 
Cool  
Moderate 
warm 
 Warm  
Extremely 
warm 
Nitrogen 
number in 
soil 
Very 
poor N 
value 
  
 
Poor N 
value 
  
Moderate 
N – rich 
  
Rich in 
N 
  
Overly 
amount of 
N 
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3.8 IRRADIANCE 
 
To define the differences between sunny and shaded areas under trees, photosynthetically 
active radiation was measured to examine the frequency distribution of light intensity at two 
levels. Photosynthetically active radiation (PAR) is defined as radiation within range of 
wavelengths 400 – 700 µ mol m-2 s-1. This parameter is required by most models to simulate 
photosynthesis across scales, from a single leaf to plant communities (Ross, 2013).  
 
Observational plots are close to each other, each covers 0.61 ha and averagely 40 % of each 
surface is covered with shadow of scattered fruit – trees (4 m radius around tree stem). 
Photosynthetically active radiation (PAR) was measured with a SunScan Canopy Analysis 
System (Delta T Devices Ltd. Cambridge, UK) using a 13 mm × 1000 mm wand containing 
64 photodiodes. A BF2 sensor was set up horizontally to record total and diffuse PAR 
radiation (µmol m-2 s-1), from which direct beam PAR radiation was estimated (Wang et al., 
2005). Preferred weather and light conditions were 6 h about noon, slowly changing 
conditions with full sun in a blue sky. Measurements were taken between 10:00 and 12:00 
on 10 May, 23 May and 16 June 2017. On meadows 1156 PAR and on pastures 793 PAR 
measurements were taken. In each plot, measurements were done above canopy, on a level 
5 cm and on 25 – 35 cm to determine ambient PAR. The diffuse component of 
photosynthetically active radiation is important for models that calculate carbon dioxide 
uptake in photosynthesis by vegetation (Wang et al., 2005). We expressed PAR 
measurements within each plot as RLI (5). This is light intensity which is incident at the soil 
surface relative to that which occurs above the vegetation canopy (5). Frequency 
distributions for PAR were compared between height of measurement of 5 cm and 30 cm 
above the ground and between sunny and shaded areas on meadows and pastures.  
 
RLI = (soil surface PAR / above canopy PAR) × 100                                                                  …(5) 
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3.9 STATISTICS 
 
The results in figures and tables are presented as an arithmetic mean (n = 3, n = 9) with 
standard deviation of mean using Excel (Microsoft Office). Botanical composition was 
analysed with principal component analysis (PCA), where multivariate statistics were done 
with log–transformed vegetation data using Conoco for Windows, Version 4.55 (Plant 
Research International, Wageningen). To draw the ordination diagram, CanoDraw 3.1 on 
basis of Conoco for Windows 4.0 package was used. Analysis of variance for irradiance was 
carried out using the GLM procedure in SAS (SAS, 2012), which was used to estimate least 
significant differences at the P < 0.05 significance level. 
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4 RESULTS  
 
4.1 SOIL PARAMETERS 
 
Soil parameters as result of soil analyses are shown in Table 9. On basis of botanical 
composition, indicators for nutrient level of soil were determined (Figure 24: Mean with 
standard deviation of different indicator values (n= 3)). Indicator for nutrient values of soil 
and results of soil analyses show parallel, that sunny pasture areas and shaded meadow areas 
have lower nutrient level as sunny meadow areas and shaded pasture areas. The mean of 
nutrient values of forage, which was taken from observation plots with first and second cut, 
are shown below. 
 
Table 9: Selected soil chemical properties (A – horizon, 0 – 10 cm) in comparison with removed selected 
minerals at first two utilisations in 2017 
Preglednica 9: Kemijske lastnosti tal (A – horizont, 0 – 10 cm) opazovanih površin v primerjavi z minerali 
odvzetimi ob prvi in drugi rabi v letu 2017 
    pH  g/100g g/100g dry matter 
    CaCl2 P2O5 K2O Mg P K Mg 
Pasture sun 7.4 7.0 21.6 10.9 0.7 5.5 0.4 
 shadow 7.4 6.7 41.0 16.6 0.7 5.8 0.4 
Meadow sun 7.4 6.3 27.3 11.3 0.8 4.8 0.5 
  shadow 7.4 9.7 19.3 14.7 0.9 5.2 0.5 
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4.2 DRY MATTER YIELD 
 
4.2.1 Dry matter yields on meadows 
 
The reason to escort the first two cuts per year is, that these two represent 70 % of annually 
yield (Elsäßer, 2017). Under regard of weather forecast, second cut was made after 7 weeks 
of regrowth. Their DM yield per plot is shown in Figure 9. 
 
Figure 9: Dry matter yields of 1st and 2nd cut on meadows and their corresponding heights (a, b, c) (n = 3) 
Slika 9: Pridelek suhe snovi zelinja prve in druge košnje s pripadajočimi višinami travne ruše (a, b, c) (n=3) 
 
Mean DM yields are shown in Table 10. The DM yield of second cut was close to a half of 
first cut on sunny and on shaded areas. It is visible, that shaded areas had 29.2 % less DM 
yield than sunny areas. At the second cut, the difference with 31.6 % is slightly greater. DM 
yield on meadows with first and second cut summed up to 47.1 dt DM ha-1. Differences in 
DM yield production occurred with an influence of shaded areas. Correlation coefficient 
(0.71) between dry matter yield per hectare and proportion of shaded areas shows generally 
negative influence of shadow on dry matter yield production. Background of measurements 
of sward height is that measurements of grassland yields are effortful. Therefore, the 
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measurement of sward heights can make work much easier, if there are close correlations 
between height and yield. Thus, extension services in Baden-Wuerttemberg use for a quick 
analysis of grasslands the rule 1 cm = 1 dt DM ha-1 (Elsäßer, 2017). In the measurements of 
the here described work, the correlation between measured height and DM yield was with 
0.82 highly correlated.  
 
  
Figure 10: Mean and standard deviation for dry matter yield and height on meadow sunny and shaded areas 
(n= 9) 
Slika 10: Srednja vrednost in standardni odklon za pridelek suhe snovi zelinja s pripadajočo višino travne 
ruše na sončnih in senčnih območjih košenih površin (n=9) 
 
4.2.2 Dry matter yield on pastures 
 
4.2.2.1 Increasing of dry matter yield on surface B 
 
During the observation time, data were collected at three repetitions of grazed 
Streuobstwiesen. Pasture B had been sampled already two times (11 April, 20 April), before 
1st (20 April), and five times before 2nd grazing time (19 June). This gave the records, shown 
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in Figure 11. At the beginning of grazing period there was 5.8 dt DM ha-1 on sunny areas 
and some less under the trees (4.1 dt DM ha-1). Concerning to optimal weather conditions, 
the growth of grass improved greatly until 20 April. Sampling on 30 April showed zero 
grassland growth in 10 days, because of cold weather conditions with snow (Annex G). The 
pasture was after grazing and trampling clearly destroyed, the grassland sward was strongly 
damaged. After 7 weeks of regrowth, the pasture was ready for 5 – day grazing with group 
of 17 heifers. Much higher as at the beginning of 1st grazing (10 April), was the DM yield at 
the beginning of 2nd grazing (1 June) and increased until the second observation (7 June). 
Concerning to dry weather conditions in the middle of June, had the pasture B at second 
observation (7 June) reached the peak of DM yield. DM yield was lower in shaded areas, 
this proves also middle correlation (0.60) between DM yield and proportion of shaded areas. 
Generally, grassland sward on this pasture in shaded areas was thin and this can explain the 
difference between DM yields and the height of grassland sward. There is still middle 
correlation between DM yield and height of grassland sward (0.49). 
 
 
Figure 11: Yields on observational area B (pasture) during the observational time. Surface B was grazed from 
30 April to 5 May and from 19 June to 24 June 
Slika 11: Pridelki suhe snovi zelinja na pašniku B tekom opazovalne študije. Pašnik B je bil pašen v obdobju 
od 30. 4. – 5.5. in od 19.6. – 24. 6. 
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4.2.2.2 Dry matter yield under exclosure pasture cages 
 
Exclosure pasture cages are used to protect herbage from grazing, so that grassland 
production potential during grazing periods can be assessed uninfluenced (Marsh, 1978). 
DM yield on pastures was measured with three repetitions (n = 3) at each grazing period, 
results are shown in Figure 12. DM yield was on shaded area A at 1st grazing period greater 
as on sunny area, because of greater proportion of grasses with higher dry matter content. 
The reason for peak in 2nd grazing period on pasture C might be resulted in a much greater 
proportion of tall fescue (Festuca arundinacea) on sunny areas, who can gain water in 
greater depths than other grasses (Elsäßer, 2014). Sunny pastures areas had in 2nd growth 
generally higher yields than shaded areas. Surface B had lower DM yield at 1st grazing, 
concerning to greater proportion of shaded areas, where early growth is limited. At 2nd 
grazing period, the situation was similar because of damage on grassland sward done in 1st 
grazing period. In case of 1st and 2nd grazing period on pasture B it can be said, that the sward 
was thin since the height seemed to be higher as DM yield. The height of grassland sward 
under exclosure pasture cages is generally parallel to the dry matter, with high correlation of 
0.86. 
 
Figure 12: Dry matter yield (dt DM ha-1) under exclosured pasture cages after each grazing time 
Slika 12: Pridelek suhe snovi zelinja (dt DM ha-1) pod pašnimi kletkami na sončnih in senčnih območjih obeh 
pašnih obhodov 
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Mean of DM yields under exclosure pasture cages after each grazing time are shown in 
Figure 13. To sum up, it can be said that at 1st grazing period, shaded areas had 26 % less 
DM yield in comparison to sunny areas. Similar results occurred also at 2nd grazing time, on 
shaded areas had grown 35 % less DM yield in comparison to sunny areas. Height of 
grassland sward was averagely lower on shaded areas than on sunny areas.  
 
 
Figure 13: Mean of dry matter yield with standard deviation (dt DM ha-1) under exclosure pasture cages after 
each grazing time 
Slika 13: Povprečje s standardnim odklonom za pridelek suhe snovi zelinja (dt DM ha-1) pod kletkami na paši 
obeh pašnih obhodov 
 
4.2.2.3 Dry matter yield at the grazing time 
 
In order to satisfy the forage intake needs of 17 heifers for 5 days, DM yield samples had 
been taken before they grazed on the surfaces C, A, B at 1st and 2nd grazing period. Results 
of sampling are shown in Figure 14. The DM yield of shaded areas was at 1st grazing period 
46.1 % lower compared to sunny areas, although the Streuobstwiesen at the beginning of 
April still does not have leaves, who would reduce the light absorption. Likewise happened 
also at 2nd grazing period, DM yield on shaded areas was 26.5 % lower than on sunny areas, 
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but the difference between pastures itself was at 2nd grazing period bigger as at 1st grazing 
period.  
 
  
Figure 14: Dry matter yield and standard deviation (dt DM ha-1) on grazing surfaces C, A, B with height of 
grassland sward 
Slika 14: Pridelek suhe snovi zelinja s standardnim odklonom (dt DM ha-1) na pašnikih C, A, B v obeh 
pašnih obhodih s pripadajočimi višinami travne ruše 
 
Annually DM yield on pastures at 1st and 2nd grazing periods was 25.3 dt DM ha-1. 11.8 dt 
DM ha-1 at 1st and 13.5 dt DM ha-1 at 2nd grazing period, shown in Figure 15. The total forage 
intake of heifers on observational plot consists out of 60 % of sunny areas and 40 % of 
shaded areas (6). Exact partition of sunny and shaded areas is pictured in Annex A.  
Consumed dry matter by heifers is calculated:  
Consumed dry matter = (0.6*14.0 dt DM/ha) + (0.4*7.8 dt DM/ha) …………………….(6) 
 
The measurement showed clearly that at 1st grazing period, shaded areas had 46.1 % less 
DM yield in comparison to sunny areas. Similar results showed up also at 2nd grazing period, 
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on shaded areas had grown 26.5 % less DM yield compared to sunny areas. This can be 
summed up together with DM yields under the exclosured pasture cages. The height of 
grassland sward was averagely lower on shaded areas than on sunny areas, even though the 
grasses shoot better in shaded areas under the trees. At the 1st and 2nd grazing, shaded areas 
had 32.2 % less DM yield. This could be correlated with 40 % of shaded areas on pastures. 
Correlation between dry matter yield per hectare and partition of shadow on pastures was 
0.83. This shows that shaded areas on pasture highly negatively influence on dry matter yield 
production. 
 
 
Figure 15: Mean and standard deviation of dry matter (dt DM ha-1) grazed by heifers at first two grazing periods 
Slika 15: Povprečje in standardni odklon zaužite suhe snovi krme (dt DM ha-1) v prvem in drugem pašnem 
obhodu 
 
4.2.2.4 Grazing residuals 
 
In order to estimate adequacy of the grazed pastures for heifers, grazing residuals were 
measured after heifers left the pastures. Evaluation criteria was defined from 1 = well grazed 
– short to 10 = very high residuals after grazing. The results are shown in Figure 16 and 17. 
In 1st grazing period on pasture C were sunny areas intensively grazed, however a part of 
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them is covered with tall fescue (Festuca arundinacea). This grass species was still in early 
stadium; therefore, it had been grazed almost without animal avoidance. Contrarily, at the 
same surface at 2nd grazing period, tall fescue was already in older stadium and therefore not 
eaten at all. On pasture A were as well in 1st grazing period as also at 2nd grazing period 
shaded areas better grazed than sunny areas. On pasture B were differences after 1st grazing 
period hard to see, after 2nd grazing period it was clearly seen, that the amount of forage was 
not sufficient for the next day.  
 
  
Figure 16: Measured dry matter rests (dt DM/ha) and estimated grazing residues (scores) after method of 
LAZBW Aulendorf. Red points represent scores of estimations for sunny areas, blue points represent 
scores of estimations for shaded areas 
Slika 16: Izmerjena količina pašnih ostankov (dt SS/ha) in ocena pašnih ostankov po metodi LAZBW 
Aulendorf. Pike rdeče barve predstavljajo oceno popašenosti na sončnih, modre pa na senčnih 
območjih 
 
Pastures tended to have been grazed relatively evenly and deep. Generally, shaded areas at 
1st grazing period were better grazed than sunny areas. At 2nd grazing period, the differences 
were hard to see. Pastures were at 1st grazing period deeper grazed than at 2nd grazing period.  
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Figure 17: Mean and standard deviation of measured residuals of dry matter yields (dt DM/ha) and estimated 
grazing residues (scores) after method of LAZBW Aulendorf of each grazing period 
Slika 17: Povprečje in standardni odklon izmerjenih (dt SS/ha) in ocenjenih (točke) pašnih ostankov po 
metodi LAZBW Aulendorf ob koncu prvega in drugega pašnega obdobja 
 
4.3 BOTANICAL COMPOSITION 
 
4.3.1 Botanical analysis 
 
Estimation of relation between grasses: herbs: legumes is used as a first information of 
botanical composition on grassland (Figure 18). Grasses dominated on shaded areas (66.5 
%), where grassland sward was less dense compared to sunny areas, as well as on meadows 
as on pastures. Corresponding to this, shaded pasture areas had also less legumes (4.0 %) in 
comparison to sunny pasture areas (6.3 %). The percentages of legumes were higher on 
meadows as on pastures. Proportion of herbs does not differ markedly on shaded areas 
between meadow (24.0 %) and pasture (29.5 %). On meadows, there are 50.7 %; on pastures 
are 46.0 % of grasses.  
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The result of botanical analyses on pasture B might be influenced by date of estimation, 
which was made 14 days later than the corresponding pastures due to complete deterioration 
of the plot by trampling after rainy weather conditions. The existing gaps have recovered 
rapidly with white clover (Trifolium repens). This was the reason to have the mean higher 
proportion of legumes on pastures (27.3 %) in comparison to meadows (14.3 %). Proportion 
of herbs were on meadows higher on sunny areas (35.0 %), but on pastures were higher on 
shaded areas (29.5 % ). On meadow shaded areas were 24.0 % of herbs and on pasture sunny 
areas 26.7 %. 
 
Figure 18: Relation of grasses / herbs / legumes in botanical analysis with standard deviation done 
after method of (Voigtländer and Voss, 1979) on meadows and pastures in sunny and shaded areas 
(n=3) 
Slika 18: Delež trav / zeli / metuljnic s standardnim odklonom po metodi Voigtländer in Voss (1979) na 
košenih in pašnih površinah, na sončnih in senčnih območjih (n=3) 
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4.3.2 Comparison to FFH research 
 
Obviously, the botanical composition of grassland tends to be in optimum when they have 
relation of 50 – 60 % grasses, 20 – 30 % legumes and 10 – 20 % herbs (Table 19). Moreover, 
they should have high productive performance with long growth period and high nutritive 
value (Čop, 1998). To compare the optimum to the conditions in the Swabian Alb where our 
observational study was done, data of this observational study are compared to a research 
data of a field trial located nearby, which is mown in middle May and fertilised with N (35 
kg ha-1), P2O5 (35 kg ha
-1), K2O (120 kg ha
-1). The research is a part of European project 
“Maintenance and improvement of Flora Fauna Habitats – hay meadows” (FFH research). 
The fields of this trial are located 470 m above sea level with 968 mm of precipitation and 
9,6 ºC of annually temperature (Thumm et al., 2017). This field trial compares different 
fertilization levels for last four years, where at first cut in middle May species groups were 
influenced by fertilization (Thumm et al., 2017) . The relation of grasses : herbs : legumes 
on sunny meadow areas and sunny pasture areas, FFH research and optimal proportion of 
species groups, are shown in Figure 19. Proportion of grasses on sunny meadow areas was 
20.3 % lower than the proportion of grasses on fields of FFH research. Sunny pasture areas 
compared to FFH research have 24.3 % smaller proportion of grasses. On sunny meadow 
areas were 7.3 % less herbs in comparison to FFH research. The proportion of herbs on 
pasture was very close to FFH research. On sunny meadow areas the proportion of legumes 
was optimal. With 14.3 % they have ten times proportion of legumes at FFH research. 
Compared to sunny pastures, the proportion of grasses is not optimal and below the FFH 
research. The proportion of herbs on pastures on sunny areas was close to 25 %, but we get 
different result, if we exclude one repetition of pasture B with high proportion of legumes. 
The proportion of legumes is then on sunny meadow areas close to 1.2 %, similar as on FFH 
research fields. 
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Figure 19: Botanical composition on sunny areas of observational plots with standard deviation compared to 
FFH research without scattered fruit – trees (Boob, 2017).  
Slika 19: Botanični sestav na sončnih območjih opazovanih površin s standardnim odklonom v primerjavi s 
FFH raziskavo (Boob, 2017), ki se nahaja v podobnih okoljskih razmerah, a brez sadnih dreves.  
 
4.3.3 Number of different botanical species 
 
Data of different botanical species were collected while assessing botanical composition in 
the beginning of May. An average number of different plant species among observation plots 
is shown in Figure 20. Shaded meadow observational areas have in average 28.3 different 
plant species, some less occurred on shaded pasture areas (21.0). Sunny meadow areas have 
averagely 21.3 different plant species, 17.3 plant species occurred on sunny pasture areas. 
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Figure 20: Number of plant species with standard deviation on 25 m² area for four observation areas (n = 3) 
Slika 20: Število različnih rastlinskih vrst s standardnim odklonom določenih na 25 m² štirih različnih 
opazovalnih površin (n = 3) 
 
Plant species mentioned in Figure 20, are in Figure 21 graphically divided in species groups 
of grasses, herbs and legumes per observation area. On shaded meadow areas there are 11.7 
grass species and a bit less on pastures (9.0). Sunny meadow areas are, with 8.0 less diverse 
in comparison to shaded pasture areas (6.7). Herbs were with 13.7 species on shaded 
meadow areas very diverse. Diverse were also sunny meadow areas (11.0), some less herb 
species appeared on shaded pasture areas and even less on sunny pasture areas (7.3). 
Legumes were mostly represented with three different species on all four observation plots. 
It can be said, that there is heterogeneity of the area, where the estimation of botanical 
composition took place. Since the number of variant plant species on pastures is lower as on 
meadows, this can be explained through annually higher stocking rate, which reduces the 
diversity of plant species (Schmitz et al., 2016).  
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Figure 21: Number of vascular plant species with standard deviation representing grasses, herbs and legumes 
on 25 m² for four observation areas (n = 3) 
Slika 21: Število rastlinskih vrst trav, zeli in metuljnic s standardnim odklonom določenih na 25 m² štirih 
različnih opazovalnih površin (n = 3) 
 
4.3.4 Principal component analysis (PCA) of observational plots 
 
Principal component analysis (PCA) was made on basis of the botanical composition. 
Botanical species mentioned in Figure 20 and Figure 21 may be found in Figure 22, where 
the results of principal component analysis are shown.  
8.0
11.7
6.7 9.0
11.0
13.7
7.3
8.3
2.3
3.3
3.3
3.0
0.0
5.0
10.0
15.0
20.0
25.0
30.0
sun shadow sun shadow
meadow pasture
N
u
m
b
er
 o
f 
p
la
n
t 
sp
ec
ie
s
grass species herb species legume species
Trček U. Performances and limits of using meadows with ... trees under long term grazing and cutting conditions in South Germany. 
    M. Sc. Thesis. Ljubljana, University of Ljubljana, Biotechnical faculty, Department of Animal Science, 2017 
46 
 
 
 
 
Figure 22: Principal component analysis (PCA) of species (blue arrow) and enviromental variabels (red arrow), 
where only species with a linear fit above 5 % are pictured 
Slika 22: Metoda glavnih komponent prikazana glede na rastlinske vrste (modra puščica) in okoljske 
dejavnike (rdeče puščice), kjer so prikazane le rastlinske vrste z več kot 5 % zastopanostjo 
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The first two axis of principal component analyse explained 46.9 % of total variance and 
show a high correlation either with meadow or pasture. The first, horizontal axis explains 26 
% of total variance and has a positive correlation with pasture (0.86) and negative with 
meadow (- 0.86). On pastures were creeping bentgrass (Agrostis stolonifera), meridian 
fennel (Carum carvi), meadow saffron (Colchicum autumnale), tall fescue (Festuca 
arundinacea), bloody geranium (Geranium sanguineum) and rough – stalked meadow grass 
(Poa trivialis) defined as more common. On the Figure 22, they are on the right side. On the 
left side of PCA diagram are hedge bedstraw (Galium album), yellow oat grass (Trisetum 
flavences), holly grass (Anthoxanthum odoratum), yorkshire fog (Holcus lanatus), blue 
bugle (Ajuga reptans), wood avens (Grum urbanum) more typical for meadows. The second, 
vertical axis of the PCA is positively correlated with sunny area (0.64), with plant species 
like yarrow (Achillea millefolium), meadow buttercup (Ranunculus acris), hogweed 
(Heracleum sphondylium), dandelion (Taraxacum officinale), white clover (Trifolium 
repens), red clover (Trifolium pratense) and perennial ryegrass (Lolium perenne) which are 
located on upper area of diagram. Second axis is negatively correlated (- 0.64) with shadow. 
Species that occurred there are cocksfoot (Dactylics glomerata), common nettle (Urtica 
diodica), wood avens (Geum urbanum), cleavers (Galium aparine). 
 
4.3.5 Ecological strategy types 
 
High proportion of plant species in grassland of Streuobstwiesen are using a competitive 
strategy (C), where disturbance is rare and resources are abundant (Klotz and Kühn, 2002). 
The partition is shown in Figure 23. On sunny areas, there were 61 % percent of them, on 
shaded areas even more (72 %). The next main ecological strategy was a mixture between 
competitive, stress and ruderal strategy (CSR). On sunny areas there were 38 % of them and 
on shaded areas 29 %. A small percent (2 %) of species with competitive – ruderal (CR) 
strategy occurred on shaded areas, but less of them (0.60 %) were found on sunny areas. 
Only in minimal share (0.03 %) of plant species with competitive – stress (CS) strategy were 
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found. There were no differences between meadows and pastures, therefore they were 
united. 
 
Figure 23: Mean of ecological strategy types on 25 m² for sunny and shaded areas (n = 3)  
Slika 23: Povprečje tipov ekoloških strategij določenih na 25 m² sončnih in senčnih opazovanih območij (n = 
3) 
 
4.3.6 Ecological indicator values 
 
Ecological indicator values were defined out of representation of plant species in the 
botanical composition, their values are shown in Figure 24. Nutrient value, determining the 
level of nutrients in soil were slightly higher on sunny meadow areas and shaded pasture 
areas in comparison to shaded meadow areas and sunny pasture areas. Meadows are annually 
fertilized with cattle slurry, but the surfaces directly at the tree stem stay unfertilised. Forage 
quality, based on numbers defined by Klapp and Stählin (1936) was slightly better on sunny 
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pasture regions, but it was lower on shaded meadow areas. Grazing tolerance value tells, that 
on sunny pasture surfaces, there are typically pasture plant species which had established in 
past grazing seasons. Indicator values for mowing tolerance are showing only small 
difference that the plant composition on shaded areas can handle three cuts per year. On 
sunny regions of meadows, the botanical composition was not so typical to utilisation of 3 
to 4 cuts per year, which do not allow red clover (Trifolium pratense) to establish.  
 
 
Figure 24: Mean with standard deviation of different indicator values (n= 3) 
Slika 24: Povprečje in standardni odklon kazalnikov preskrbljenosti tal s hranili, kakovosti krme ter 
občutljivosti na košnjo in pašo (n=3)  
 
Location indicator of light intensity showed, that all botanical composition a such existed 
mainly on areas with high light intensity where also shadow is present. Both sunny areas 
(meadow and pasture) got higher value of light intensity in comparison to shaded areas. 
Indicator of humidity was between 5.0 and 5.5 and it showed freshness and middle moisture 
soil level with acceptance of occasionally dry circumstances. The difference between sunny 
and shaded areas was not recognised. Location indicator of temperature is between 5 and 6, 
this is an indicator for temperate region. Upper values are shown in Figure 25. 
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Figure 25: Location indicators for light intensity, humidity, reaction and temperature with standard deviation 
on observation areas (n = 3) 
Slika 25: Kazalniki potreb po sončnem obsevanju, vlažnosti, reaktivnosti in temperaturi s standardnim 
odklonom na opazovanih površinah (n=3) 
 
4.4 FORAGE QUALITY 
 
Botanical composition is beneath the date of utilisation relevant for prediction of forage 
quality of permanent meadows (Elsäßer and Oppermann, 2004). A complete and detailed 
description of botanical composition requires advanced botanical skills. Botanical 
composition of multi species grasslands is often taken into account for prediction of expected 
forage quality (Peratoner et al., 2016). To connect the predicted forage value after (Briemle 
et al. (2002) which was done while assessing botanical composition, the samples of forage 
quality were analysed. Concentrations of crude protein in forage quality variated among 
different utilization, where different time of grazing/mowing should be taken into concern. 
At systems, where basic forage for cattle is grown directly on pastures, plays the variable 
nutrient content in vegetation period an important role (Starz et al., 2016). First grazing 
period started at the beginning of April, while first cut was done in middle May. Second 
grazing period could be compared to second mowing time, both were done in middle June. 
After Briemle et al. (2002) the mean value of forage quality was defined (n = 3). On sunny 
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meadow areas was 6.0 and 6.3 on shaded meadow areas. On pastures values were similar, 
with 6.4 for sunny areas and 5.8 for shaded areas. Values between 5 and 7 represent middle 
to high forage quality. The main concentrations of components in forage quality are 
presented in Figures below. Concentration of crude fat, crude ash and calculated net energy 
for lactation per plot are shown in annex C and E.  
 
4.4.1 Analytical determinations 
 
Crude protein (CP) is a measure of a forage´s ability to meet protein need of livestock 
(Henning et al., 1996). Concentration of CP on meadows was at second cut on sunny areas 
higher for 4.1 % DM kg-1 and on shaded areas for 4.8 % DM kg-1 than at first cut (Figure 
26).  
 
Figure 26: Mean of crude protein with standard deviation (% kg-1 DM) of first and second mowing in sunny 
and shaded areas (n = 3) 
Slika 26: Povprečje in standardni odklon vsebnosti surovih beljakovin (% kg-1 SS) prve in druge košnje na 
sončnih in senčnih območjih (n = 3) 
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Acid detergent fibre (ADF) is a useful predictor of energy and digestibility in forages 
(Henning et al., 1996). Percentage of ADF was at first cut slightly higher in comparison to 
second cut. At first cut, ADF was for 1 % kg-1 DM higher on shaded areas in comparison to 
sunny areas. At second cut ADF was quite the same on both, sunny and shaded areas (Figure 
27). 
 
Figure 27: Mean of acid detergent fibre of organic matter with standard deviation (% kg-1 DM) at first and 
second mowing in sunny and shaded areas (n = 3) 
Slika 27: Povprečje in standardni odklon v kislem detergent netopnih vlaknin (% kg-1 SS) prve in druge 
košnje na sončnih in senčnih območjih (n = 3) 
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Concentration of CP at 1st grazing period (10 April – 5 May) was much higher than at 2nd 
grazing period (1 June – 24 June) with ± 2.6 % kg-1 DM of standard deviation. Differences 
between sunny and shaded areas were very low. Although was on shaded areas of 2nd grazing 
a higher concentration of CP in comparison to sunny areas (0.6 % kg-1 DM) (Figure 28). 
 
 
Figure 28: Mean of crude protein with standard deviation (% kg-1 DM) at first and second grazing period in 
sunny and shaded areas 
Slika 28: Povprečje in stadnardni odklon surovih beljakovin (% kg-1 SS) prvega in drugega pašnega obhoda 
na sončnih in senčnih območjih   
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ADF was in the 1st grazing period (10 April – 5 May) lower in comparison to 2nd grazing 
period (1 June – 24 June) for approximately 4 % kg-1 DM. Differences between sunny and 
shaded areas were minimal, tending to have shaded areas higher ADF concentration as sunny 
areas (Figure 29). Changing of nutrient content on pasture B during 1st and 2nd grazing season 
are shown in annex D. 
 
 
Figure 29: Mean of acid detergent fibre in organic matter with standard deviation (% kg-1 DM) at first and 
second grazing 
Slika 29: Povprečje in standardni odklon v kislem detergentu netopnih vlaknin (% kg-1 SS) prvega in drugega 
pašnega obhoda na sončnih in senčnih območjih  
 
4.4.2 Minerals 
 
Ash component of forage comprises mineral elements and their anions (Waghorn, 2007). 
Mineral components as phosphorus, potassium, calcium and magnesium were analysed and 
are shown below for forage on meadows (Figure 30) and on pastures (Figure 31). Level of 
phosphorus in forage from meadows does not show any difference between sunny and 
shaded areas. Slightly is phosphorus level higher at second mowing. In comparison to 
pastures, phosphorus level there was lower, no matter or on sunny or shaded areas. The level 
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of potassium was clearly higher on pastures in comparison to meadows. In 1st grazing and 
mowing period, there were no differences between sunny and shaded areas. However, later 
at second cut, the level of potassium was higher in shaded areas. The same occurred also on 
pastures; shaded areas had higher level of potassium in comparison to sunny areas. Results 
of minerals in forage showed, that the level of calcium varies more on meadows than on 
pastures. Sunny meadow areas had at first and at second cut higher level of calcium in 
comparison to shaded areas. On pastures, these differences did not appear, the level of 
calcium was at first and at second cut, on sunny and shaded areas very similar. The level of 
magnesium was on meadows slightly higher in comparison to pastures. There were no 
differences between sunny and shaded areas; the level of magnesium was at second cut 
slightly higher in comparison to first cut. Magnesium in forage did not differ between sunny 
and shaded areas, not even between first and second cut. 
 
 
Figure 30: Mean and standard deviation of mineral content (P, K, Ca, Mg) (% kg-1 dry matter) of grass at first 
and second mowing on sunny and shaded areas (n = 3) 
Slika 30: Povprečje in standardni odklon za vsebnost mineralnih snovi (P, K, Ca, Mg) (% kg-1 suhe snovi) 
prve in druge košnje na sončnih in senčnih območjih (n = 3) 
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Figure 31: Mean and standard deviation of mineral content (P, K, Ca, Mg) (% kg-1 dry matter) of forage at first 
and second grazing period on sunny and shaded areas  
Slika 31: Povprečje in standardni odklon za vsebnost mineralnih snovi (P, K, Ca, Mg) (% kg-1 suhe snovi) 
prvega in drugega pašnega obhoda na sončnih in senčnih območjih 
 
4.4.2 Net energy content 
 
Metabolic energy (ME) and net energy for lactation (NEL) are results of forage quality, 
calculated from analytical determinations (Ball et al., 2001). On sunny meadow areas was 
ME at first and at second mowing slightly higher in comparison to shaded areas (first cut 0.3 
MJ ME kg-1 DM, second cut 0.15 MJ ME kg-1 DM). Metabolic energy of forage on meadows 
is shown on Figure 32; metabolic energy of forage on pastures is shown in Figure 33. 
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Figure 32: Content of metabolic energy (ME) with standard deviation of grass at first and second cut on 
meadows on sunny and shaded areas (n =3) 
Slika 32: Povprečna vsebnost in standardni odklon za metabolno energijo (ME) zelinja prve in druge košnje 
na sončnih in senčnih območjih (n =3) 
 
At first grazing was metabolic energy (ME) obviously higher than at second grazing. On 
sunny areas, there was a difference of 0.7 MJ ME kg-1 dry matter and on shaded areas 1 MJ 
ME kg-1 dry matter between first and second grazing. Both times was ME slightly lower on 
shaded areas. 
 
Figure 33: Content of metabolic energy (ME) with standard deviation of forage at first and second grazing on 
sunny and shaded areas  
Slika 33: Povprečna vsebnost in standardni odklon metabolne energije (ME) prvega in drugega pašnega 
obhoda na sončnih in senčnih območjih 
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In Figure 34, changing of ME during the time on pasture B is shown. Pasture B was one of 
three repetitive pastures, where heifers were grazing at the end of April (from 30 April to 5 
May) and at the end of June (19 June to 24 June). The forage of this pasture was sampled 
every time when the heifers started grazing on every pasture (C, A, B). At the beginning of 
grazing season (10 April), the level of ME was the highest. It decreases a bit to middle April 
and at the end of 1st grazing period, it was similar as at the beginning. At 2nd grazing period, 
ME did not decrease much from the beginning to the end of June. Shaded areas had lower 
level of ME at every sampling.  
 
  
Figure 34: Changing of metabolic energy content of forage with standard deviation on pasture B during the 
time on sunny and shaded areas  
Slika 34: Spreminjanje vsebnosti metabolne energije krme na pašniku B tekom pašne sezone na sončnih in 
senčnih območjih 
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4.5 IRRADIANCE 
 
In Table 10, mean and standard deviation of measured irradiance is shown. Data are 
statistically significant, where 38.7 % of variance was explained through different utilization 
(meadow, pasture), different treatment (sunny, shaded area) and through two heights of 
measurement (5 cm, 30 cm). The estimation of mean was 699.7 µ mol m²s-1 higher at 
meadow in comparison to pasture. Great difference exists between sunny and shaded areas, 
where shaded areas have 1011.5 µ mol m²s-1 less than sunny areas. The difference between 
two different measurements of height showed, that on the ground, there is 821.3 µ mol m²s-
1 less photosintetically radiation (PAR) in comparison to measurements on the height of 30 
cm. The estimations of standard deviation of mean value was 89.9 µ mol m²s-1. 
 
Table 10: Mean and standard deviation of photosynthetically active radiation measured on 5 cm and on 30 cm 
of grassland sward 
Preglednica 10: Povprečje in standardni odklon za fotosintetsko aktivno sevanje, merjeno na 5 cm in 30 cm 
višine travniške ruše 
Utilization Variant Height (cm) Mean (µ mol m²s-1) Std Dev 
meadow 
shad 
5 274.5 283.8 
30 786.0 616.4 
sun 
5 775.6 773.4 
30 2983.3 2038.8 
pasture 
 
shad 
5 115.3 105.4 
30 221.4 109.2 
sun 
5 612.1 365.8 
30 1072.0 297.7 
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Calculation of light intensity was done with measurements of PAR. This is incident at the 
soil surface relative to that which occurs above the vegetation canopy (RLI). For RLI 43.3 
% of variance was explained through utilization (meadow, pasture), variant (sun, shaded 
areas) and through different heights (5 cm, 30 cm). The percentage of RLI was for 26.8 % 
higher at meadows in comparison to pastures. Shaded areas got 64.0 % less RLI in 
comparison to sunny areas. At the height of 5 cm, there was 48.4 % less RLI in comparison 
to 30 cm. The estimations have 4.7 % of standard error. Mean and standard deviation of RLI 
are shown in Table 11. 
 
Table 11: Mean and standard deviation of RLI on meadows and pastures on sunny and shaded observation 
areas 
Preglednica 11: Povprečje in standardni odklon za relativno količino sončnega obsevanja na sončnih in 
senčnih območjih košenih in pašenih površin 
Utilization Variant Height (cm) Mean (%) Std Dev 
meadow 
shad 
5 14.89 14.91 
30 43.76 30.94 
sun 
5 41.34 39.49 
30 168.48 94.84 
pasture 
 
shad 
5 9.48 8.56 
30 18.63 10.3 
sun 
5 52.51 51.8 
30 80.64 4.17 
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5 DISCUSSION 
 
5.1 DRY MATTER YIELD 
 
Streuobstwiesen are not only important for questions of biodiversity, soil and water 
resources (Agnoletti, 2016), but also from agricultural point of view, for producing forage 
for livestock. Dry matter yields on meadows confirmed the fact, that seasonal growth of 
grass reaches the peak in May and decreases in June (Čop, 1998, 2009). In first seasonal 
growth grasses are growing very fast and are producing dry matter especially with higher 
shoots and leaves. This way, they are maximal using the photosynthetically active radiation 
(Čop, 2009). Trees on Streuobstwiesen are throwing shade and therefore the 
photosynthetically active radiation (PAR) on plants here is lower. The measurements of PAR 
showed 64 % lower light intensity on shaded areas. Measurements of Thumm (2016) are 
showing, that only 10 % of total PAR reaches areas under tree stem. Therefore, DM yield 
was for 29.2 % lower in mown shaded areas, than on sunny areas. High correlation (0.71) 
between mown DM yield production and proportion of shaded areas shows strongly 
negatively influence of shadow on DM yield production.  
 
Balance between pasture supply and animal demands (DM yield, forage quality) are the key 
factors of successful management. Grazing not only avoids mechanical harvesting costs, but 
also often offers advantage of higher forage quality as compared to stored forage (Ball et al., 
2001). Grazed Streuobstwiesen had at first grazing period in average 38 % less DM yield on 
shaded areas, at second grazing period was DM yield averagely 21.6 % lower on shaded 
areas in comparison to sunny areas. Correlations between DM yield production and 
proportion of shaded pasture areas are 0.83, therefore shadow influences negatively on DM 
yield production. The results of soil parameters did not show a big difference in nutrient 
level. The lack of light caused by trees resulted in lower DM yields on Streuobstwiesen. 
Comparing two different utilization forms, it was visible that DM yields are higher on 
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mowed observational plots, even though, higher DM yield could be reached, if first grazing 
period would start later in April. DM yield at grazing time resulted in different estimations 
of pasture residues. First grazing period started with pasture C, who had, out of all three 
repetitions, high DM yields caused by a high proportion of tall fescue (Festuca 
arundinacea). Grazing residues resulted that pasture was grazed good; even unfavourable 
plant species were grazed. While grazing pasture A, the weather conditions were cold, 
heifers took shelter in the lowest part of pasture to provide wind protection. Grazing residues 
showed, that the pasture was grazed well; heifers did not avoid also young plants like 
broadleaf dock (Rumex obtusifolius). Heifers graze also unfavourable plants in situation of 
lack of forage that showed up mostly at pasture B, where DM yield was low. The observation 
study pronounced effects of seasonal growth of herbage and its nutritive value (Čop et al., 
2009). Observation of DM yield on pasture B showed, as expected, that the herbage growth 
rate its maximum achieved in April and May (Corrall and Fenlon, 1978). One of the reasons 
were also the bad weather conditions, which caused high damages on grassland sward. 
Pasture B with grazing heifers is pictured in annex F. 
 
After seven weeks of regrowth, second grazing period started. DM yield on pasture C was 
much higher as at first grazing period, therefore also grazing residues were higher. Grassland 
sward was already mature, thus tall fescue (Festuca arundinacea) and bloody cranesbill 
(Geranium sanguineum) were not grazed well. While grazing on pasture A, grazing residues 
are resulting a high offer of forage that could be grazed. Pasture B recovered from first 
grazing period and therefore changed its botanical composition. Because of damaged 
grassland sward, could white clover (Trifolium repens) on sunny areas with its ability to fill 
thin grassland, regrow very well (Elsäßer et al., 2016). Dry weather conditions with low 
precipitation did not support grass growth, but caused maturing of grassland. DM yield was 
on pasture B too low for five days of grazing, but still some dry grass shoots and 
unfavourable plant species stayed ungrazed. Pasture rests were generally a bit higher on 
places of excreta and urea from first grazing period. At sunny and warm weather conditions, 
heifers were resting on shaded areas of the trees, where the grassland sward was a bit more 
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trampled. Due to variation of weather conditions, it is difficult to draw general conclusions 
concerning the direct effects of tree shadow (grazing/mowing) on harvested DM yield in 
comparison to meadows without scattered fruit – trees. 
 
5.2 BOTANICAL COMPOSITION 
 
Botanical analyses estimating relation of grasses : herbs : legumes showed dominance of 
grasses on shaded areas (66.5 %), where grassland sward was thin compared to sunny areas, 
no matter meadows or pastures. Corresponding to this, shaded areas had less legumes (4.0 
%) in comparison to sunny areas (6.3 %). An important legume species is white clover 
(Trifolium repens), which prefers light areas, because of its lower growth (Elsäßer et al., 
2016). Thus, mostly white clover (Trifolium repens) contributed to proportion of legumes 
on sunny pasture areas, while red clover (Trifolium pratense) did not get well with grazing. 
The proportion of herbs did not differ markedly on shaded areas between meadow (24.0 %) 
and pasture (29.5 %). On meadows, there were 50.7 % of grasses, on pastures were 46.0 %. 
The proportion of legumes are higher on meadows as on pastures. The result might be 
influenced by date while assessing of botanical analyse on pasture B, which was done 14 
days later than the corresponding pastures due to complete deterioration of the plot by 
trampling after rainy weather conditions. The existing gaps have recovered rapidly with 
white clover (Trifolium repens). This was the reason to have averagely higher proportion of 
legumes on pasture (27.3 %) in comparison to meadows (14.3 %). 
 
Botanical analyse on sunny meadow areas and sunny pasture areas were compared to the 
field experiment of Hohenheim and LAZBW Aulendorf FFH research in the same area (FFH 
research) (Boob, 2017). FFH research is a part of European project to protect living habitats 
for endangered plant and animal species. However, the field trial of FFH research does not 
have scattered fruit – trees, proportion of grasses there was greater, proportion of legumes 
smaller than on sunny meadow and sunny pasture areas. Proportion of herbs on FFH surfaces 
was similar to sunny meadow and sunny pasture areas, but lower than optimum. Sunny 
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meadow areas were close to optimum, but sunny pasture did not have enough legumes to be 
optimal. Proportions of herbs were at both cases higher than optimal. Compared grazed 
Streuobstwiesen, the proportion of grasses is not optimal and below the FFH research. 
 
Botanical composition, found on observed areas were revealing. More than nine different 
plant species had high correlation to shaded areas and meadows. This can be explained 
through mowing regime established on the farm. Streuobstwiesen are, in comparison to 
meadows without scattered trees, harder to be mown with farm mechanisation (Thumm, 
2016). When mowing, the areas closer to tree stem cannot be reached with farm 
mechanisation, so the grass there is not mown. There are plant species like common nettle 
(Urtica diodica), wood avens (Geum urbanum), blue bugle (Ajuga reptans) and yorksire fog 
(Holcus lanatus) to find, which must not be typically meadow species. They do not handle 
with being mown very oft. Presence of red fescue (Festuca rubra), blue bugle (Ajuga 
reptans), wood avens (Geum urbanum), Kentucky bluegrass (Poa pratensis), cleavers 
(Gallium aparine) and rough hawksbeard (Crepis biennis) are presenting a factor, that these 
plant species are in middle light conditions, adapted to changing level of humidity, growing 
on soil which is not acid and are plants species of temperate region. The indicator of forage 
value is good, that shows also the result of metabolic energy with 10.5 MJ ME kg-1 DM. 
These plant species are less appropriate for grazing, but tolerant to be mown.  
 
Plant species that were highly correlated to sunny meadow areas are perennial ryegrass 
(Lolium perenne), high proportion of legumes like white clover (Trifolium repens) and red 
clover (Trifolium pratense). On sunny meadow areas, botanical composition was not so 
typical to utilisation of 3 to 4 cuts per year, which normally does not allow red clover 
(Trifolium pratense) to establish (Elsäßer et al., 2016). It should be taken into account, that 
meadows were in year 2013 sown with the official grass – legume mixture named NSU 
(LAZBW, 2016) which might be the reason for greater proportion of legumes. Legumes 
generally produce higher quality forage than grasses, because they usually have less fibre 
and favour higher intake than grasses (Ball et al., 2001). Therefore, forage quality with 10.7 
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MJ ME kg-1 DM is good, associated to forage quality (6.2) after Klapp et al. (1953). Those 
are the plant species which prefer high light intensity, they are not very tolerant to grazing 
and require good level of nutritions in soil. 
 
Pasture areas were annually grazed and this botanical composition had been established 
during the time. No plant species were found, which would be highly correlated to sunny 
areas and pastures at the same time. Correlated to pasture and shaded areas were tall fescue 
(Festuca arundinacea), bent grass (Agrostis stolonifera), rough – stalked meadow grass (Poa 
trivialis), bloody geranium (Geranium sanguineum) and meridian fennel (Carium carvi). 
Forage quality with 11.2 MJ ME kg-1 DM associated to forage quality after Klapp et al. 
(1953) proved a good nutritive forage value. Those plant species prefer places with higher 
light intensity, but get well also with some shadow, shadow of scattered fruit – trees is just 
optimal. 
 
Location indicators clearly describe the location of observed study. Indicator for light 
intensity are between 7.0 – 7.6, which describes the plants as those with half – light needs. 
Though, small difference between sunny and shaded area is recognized (0.6). Indicator of 
humidity explains that the location is fresh, with enough precipitation. Reaction number are 
showing neutral to basic situation, where pH value matches with 7.4. Temperature number 
describes temperate region, where cool season grasses are established like tall fescue 
(Festuca arundinacea), Kentucky bluegrass (Poa pratensis), perennial ryegrass (Lolium 
perenne), cocksfoot (Dactilys glomerata). Plants grown under cooler temperatures generally 
produce lower quality forage than plants grown at high temperatures (Ball et al., 2001). 
 
Perennial ryegrass (Lolium perenne) is strongly correlated to sunny areas, which proves also 
its light indicator value L 8. The results of PCA showed, that this grass is not dependant on 
different utilization, its indicator value for mowing and grazing tolerance is M 8, W 8. 
Cocksfoot (Dactylics glomerata) is strongly correlated to shaded area that proves also its 
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light indicator value L 5. With indicator value for mowing tolerance (M 8) prefers to be 
mown rather than grazed (W 6). Rough – stalked meadow grass (Poa trivialis) is a grass 
species which is established in thin grassland sward and is on PCA diagramm correlated to 
pastures, where the grassland sward is often thin. With light indicator L 6 is slightly 
correlated to shaded areas. With indicator value for mowing and grazing tolerance (M 6, W 
6) is well established on meadows and also on pastures. Kentucky bluegrass (Poa pratensis) 
is with its light indicator value L 6 correlated to shaded areas. High correlation with meadows 
confirms its mowing tolerance value M 9 that means this grass species is not sensible to be 
mown or grazed (W 8). 
 
Continuously trampling and grazing on pastures may lead to soil compaction in the 5 – 10 
cm soil layer. Plant species such as common buttercup (Ranunculus repens), bent grass 
(Agrostis stolonifera), which were found on shaded areas of pasture, are bioindicators of 
compacted, periodically wet top soils (Bohner and Tomanova, 2006). A sustainable pasture 
management takes into consideration a large – scale heterogeneity in pasture soils, different 
grazing and trampling intensity attributed to spatial heterogeneity in soil nutrient content 
(Bohner and Tomanova, 2006). 
 
Ecological strategy types were meant to show mainly competitive strategy on sunny areas, 
and competitive – stress – ruderal (CSR) strategy on shaded areas, as adjustment to lower 
photosintetically radiation. Nevertheless, the results did not meet the expectations. There 
were no differences between two different utilizations, although meadows were in 2013 
sown with official grass – legume mixture. Grass – legume mixtures normally contains plant 
species with competitive strategy to establish well in grassland sward (King, 2017). It 
seemed that on shaded areas were more competitive plant species (72 %) in comparison to 
sunny areas (61 %). On pastures, this could be explained through grazing and trampling. 
CRS strategy was used on sunny areas with 38 % and with 29 % on shaded areas. However, 
it would be expected that more CRS strategy would occur on shaded areas, where also trees 
takes its nutrients out of soil and stress environment is more likely established (King, 2017). 
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5.3 FORAGE QUALITY 
 
Since forage quality has a direct effect on animal performance (Ball et al., 2001), the forage 
values were analysed. Analysing forages for nutrient content can be used to determine 
whether quality is adequate (Ball et al., 2001). Maturity stage at harvesting is the most 
important factor determining forage quality, high – quality forages are generally highly 
palatable (Ball et al., 2001). First grazing period, starting in the beginning of April offered 
to heifers very palatable, high concentrated protein forage. As plants become more fibrous, 
forage intake drops (Ball et al., 2001).  
 
Most cool season grasses require a period of cool temperatures (vernalisation) for flowering 
and produce their reproductive stems only in the spring. Forage quality at second mowing 
and second grazing changes less over the time, because of lower leaf – to – steam ration than 
first forage growth (Ball et al., 2001). Acid detergent fibre in organic part of DM was the 
highest on shaded meadow areas at first mowing. With 27.9 % ADF kg-1 DM was higher 
than at second mowing with 24.5 %, that occurred because of lower leaf – to – steam ration. 
Percent of ADF kg-1 DM was the highest on shaded pasture areas at second grazing, because 
of older maturity stage, where regrowth last already seven weeks. Difference in ADF 
between first and second grazing period was approximately 4 %, obviously started first 
grazing period quite early. At higher concentration of ADF kg-1 DM, intake potential 
decreases. This is because ADF is harder to digest than the non-fibre components of forage 
(Ball et al., 2001). The effect of changed forage intake might be better seen in a stable, then 
on a pasture. The ash component of forages compromises mineral elements and their anions 
and are without energetic value (Waghorn, 2007). Sampling at first mowing had less ash 
content in comparison to second mowing, similar pattern occured also on pastures. Lipid 
concentration in all samples was between 2.6 – 3.1 % kg-1 DM.  
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On shaded meadow areas was the level of crude protein (CP, % kg-1 DM) at 1st and 2nd 
mowing lower than on sunny areas. This can be explained with high proportion of legumes 
like red clover (Trifolium pratense), white clover (Trifolium repens) on sunny areas, which 
may contain more than 20 % of proteins (Elsäßer et al., 2016). Grass – legume mixtures 
generally have higher crude protein concentrations and lower fibre concentration than pure 
grass stands (Ball et al., 2001). The level of CP on meadows was higher at optimal harvesting 
time of second cut, though, first mowing was done at given optimal weather conditions. CP 
concentration of forage at grazing were higher at first grazing period in April (15.9 % kg-1 
DM) in comparison to second grazing (12.8 % kg-1 DM). Shaded areas had at first grazing 
period less CP in comparison to sunny areas, nevertheless this changed at second grazing 
period. High protein forages are desirable, because protein is one of costly supplements for 
livestock (Henning et al., 1996). With earlier mowing, higher CP in forage can be achieved 
(Žnidaršič et al., 2015).  
 
Plants accumulate soluble carbohydrates during daylight and use them overnight. Soluble 
sugars are the lowest in mornings and highest after a day of bright sunshine (Ball et al., 
2001). Results of this observation study could be influenced by the mowing time, which was 
in morning hours with exception of second mowing in the afternoon. Expressing forage 
quality with metabolic energy (ME, MJ ME kg-1 DM) shows, that from a standpoint of crude 
protein, as well as at first also at second mowing, was the forage quality appropriate to fulfil 
animal metabolic and production needs (Žnidaršič et al., 2015). On this factor, also shadow 
did not have great influence. Taken into concern that forage losses 0.7 MJ ME kg-1 DM 
(Žnidaršič et al., 2015) during silage process, a forage with high quality was prepared at first 
and at second mowing.  
 
ME at grazing was the highest at the beginning of first grazing period, proved also at 
Žnidaršič et al. (2015). Continuously reducing of ME during first grazing period is clear, that 
confirms also the results of Žnidaršič et al. (2015). An exception at the end of April appeared 
because of cold weather conditions, where grass growth was stopped. Differences between 
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sunny and shaded areas are staying more or less constant during both grazing periods (0.3 
MJ ME kg-1 DM, 2.6 %). Photosyntheticlly active radiation could be the reason that shaded 
areas do not offer optimal conditions for high productive plant species. Results of ash content 
on meadows are showing optimal content (90 – 120 g kg-1 DM), forage is not polluted with 
soil. However, crude ash values are at all measurements under the shadow slightly higher as 
on sunny areas. This can be influenced by possibly content of dry leaves of trees.  
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6 CONCLUSIONS 
 
The observed Streuobstwiesen were permanently mown or grazed as a kind of maintaining 
management. Utilization can clearly have large effects on botanical composition. The 
challenge is to learn how to get the optimal composition to ensure, that the feed supply for 
grazing animals is enhanced over long – term while optimising profit (Shaklane et al., 2013).  
 
The quantity of dry matter forage production on Streuobstwiesen depends on proportion of 
shaded areas, whose production level of forage is influenced by the shadow of trees. Shaded 
meadow areas are 30 % less productive than sunny areas (1st and 2nd mowing). This was 
confirmed also through high correlation (0.71) between dry matter yield and the proportion 
of shaded areas on observation areas. Shaded pasture areas were in average 20 % less 
productive than sunny areas (1st and 2nd grazing), proven with correlation of 0.83 between 
dry matter yield production and proportion of shaded areas on observation areas. Comparing 
dry matter yield production between meadow and pasture, pastures produced 42.3 % less 
dry matter yield per hectare, in this case because of early start of grazing season. These 
findings confirm the second hypothesis and some important intrinsic differences between 
Streuobstwiesen and open land meadows. Trees of Streuobstwiesen are reducing 
photosynthetically active radiation and do not offer optimal conditions for high productive 
plant species. Thus, the results of this short observation study confirm some disadvantages 
of Streuobstwiesen from the sight of agriculture utilisation, since mowing regime brings 
higher dry matter production per hectare than grazing. 
 
Botanical analyses estimating relation of grasses : herbs : legumes showed dominance of 
grasses on shaded areas. The proportion of legumes are higher on meadows as on pastures. 
There were no big differences for herbs between areas. Therefore, the first hypothesis in 
sense of larger proportion of grasses on meadows is disproved. It is confirmed that the PCA 
reveal two main differences among botanical composition. First, a higher number of plant 
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species are correlated to shadow. Second, on pastures the botanical composition over the 
time has been established with plant species that can be avoided by the animals and therefore 
successfully reproductive. Comparing plant species on meadows and plant species on 
pastures have those on meadow higher potential for good forage quality. From a point of 
view of ecological strategy types, there were no differences between the two different 
utilization forms. 
 
First grazing period, starting in the beginning of April offered to heifers very palatable, high 
concentrated protein forage. Crude protein concentration differed, because of time shift of 
usage, among utilization at first mowing / grazing period more than at second. At first 
grazing period was metabolic energy obviously higher as at second grazing period and on 
shaded areas generally slightly lower as on sunny areas. 
 
Sustainable use of Streuobstwiesen is playing an important role also for food production, 
reintroduction of their cultural values, biodiversity and landscape protection and ecotourism 
(Agnoletti, 2016). Grazing animals and mowed grassland can, with appropriate 
management, highly contribute to it. 
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7 SUMMARY, POVZETEK, ZUSAMMENFASSUNG 
7.1 SUMMARY 
Grassland with scattered fruit trees (Streuobstwiesen) is very common in Baden-
Württemberg and highly significant for the ecological situation of South Germany. However, 
the use of this areas is not sustainable because the change of agricultural structure and lack 
of suitable utilization concepts. The objective of the current observational study was to 
examine the agricultural value of such ecological precious grasslands comparing grazing and 
mowing. Additionally, the effects of shadow under the trees on dry matter (DM) yield and 
botanical composition was observed. Samples of grassland on mown and grazed areas were 
taken at first two uses this year, observational areas were devided to sunny and shaded area. 
The results had shown that scattered fruit – trees negatively influenced on DM yield 
production. DM yield at first two usages was, compared to sunny areas, under shaded areas 
of scattered fruit trees 25 % lower on pastures and 29 % lower on meadows.  
 
To get a sufficent number of data also of animal intake, dry matter yield was measured under 
pasture cages, which disabled the heifers to graze. Level of forage intake was measured with 
pasture rests estimating to see how efficient the grassland under scattered fruit – trees is 
used. Grassland DM yield production and forage quality on pasture B was observed from 
the beginning to the end of grazing season, where typical seasonal growth and changes of 
forage quality were recognised. The DM yield per year cannot be realistic compared between 
meadows and pastures, due to the length of observation period only until the end of June. In 
the observed time, meadows produced more DM yield as pastures, because first grazing 
period started early in April when grassland sward markedly grows.  
 
Botanical composition has a high importance contributing to forage quality. During 
continuously grazing and mowing regime in past years, typical botanical composition had 
been established. Estimation of botanical composition was done in the beginning of May, on 
meadows before, and on pastures after first usage. Therefore, botanical composition on 
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meadows was more diverse as on pastures, slight differences between sunny and shaded 
areas were recognised. On shaded areas grasses are dominant, with their shoots and higher 
growth they grow well also on shaded areas. Legumes are established on sunny areas because 
of their lower growth. The highest diversity of plant species was on shaded meadow areas, 
because directly at the tree stam cannot be mown with farm mehanisation. Similar effect is 
at grazing regime unpossible. On shaded meadow areas was slightly lower level of nutrients 
in soil because of difficult fertilising.  
 
From the point of ecological strategic type, the competitive strategy was dominant on shaded 
and on sunny areas. The second most common ecological strategic type was a mixture 
between competitive, stress and ruderal strategy. Different plant species were with poly 
component analysis determined to four observational areas on the basis of their ecological 
indicator values. Common grass which occurred on sunny areas is perennial ryegrass 
(Lolium perenne), cocksfoot (Dactylis glomerata) was very common for shaded areas. 
Typical pasture species was creeping bentgrass (Agrostis stolonifera) and Kentucky 
bluegrass (Poa pratensis) on meadows.  
 
The differences in forage quality existed. Higher content of metabolic energy was recognised 
in forage at first usage in comparison to second usage. In both cases was the content of 
metabolic energy on shaded areas lower in comparison to sunny areas. All this resulted also 
on measuring of photosynthetic active radiation, where shaded areas reached 64 % less 
photosynthetically active radiation as sunny areas. From the agricultural point of view 
“Streuobstwiesen” with their shadow of fruit trees negatively influence on dry matter yield 
production of forage, but at the same time they are very important living habitats for many 
different plant and animal species. This should, together with production of fruits, 
compensate with some disadvantage of “Streuobstwiesen”. 
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7.2 POVZETEK  
 
“Streuobstwiese” je znana nemška beseda, ki se uporablja za visokodebelne travniške 
sadovnjake (Elsäßer, 2017) na območju nemško govorečih držav. Streuobstwiese v zvezni 
deželi Baden – Wuerttemberg predstavljajo 30 % vseh visokodebelnih travniških 
sadovnjakov v Nemčiji (Küpfer in Balko, 2010). Na pobočju Švabske Jure se na 6.000 ha 
nahaja 600.000 sadnih dreves, z gostoto od 20 do 100 dreves na hektar (Trommler, 2012). 
Streuobstwiesen predstavljajo tamkajšnjo tradicionalno podeželje na območju z zmerno 
toplim celinskim podnebjem (Behrens, 2009). Travne površine pod sadnimi drevesi so nizko 
produktivne, a morajo biti stalno vzdrževane (Trommler, 2012). Raba travinja 
visokodebelnih sadovnjakov je v zadnjih letih pridobila na pomenu predvsem s pašo živali. 
Prvič zaradi manjših stroškov pridelave zelinja, in drugič zaradi vse večje skrbi za okolje in 
lokalno pridelano hrano. Z vidika dobrega počutja pašnih živali, omogočajo sadna drevesa 
senčno lego v sončnem ter zelo vročem vremenu ter zavetrje v slabem vremenu. 
Visokodebelni travniški sadovnjaki imajo neprecenljiv pomen za življenjske habitate 
mnogoterih ptic, žuželk in drugih živalskih vrst (Vidrih, 2003).  
 
V sedemdesetih in osemdesetih letih prejšnjega stoletja je mnoga območja visokodebelnih 
travniških sadovnjakov v bližini večjih mest nadomestila gradnja (Küpfer in Balko, 2010). 
Sadna drevesa, kot so jablane in hruške potrebujejo za pridelavo sadja redni sadni rez in 
nego. Prav tako morajo biti negovane tudi travniške površine, da se ne zarastejo z grmovjem, 
saj bi tako izgubile svojo vrednost pri ohranjanju kulturne krajine (Küpfer in Balko, 2010). 
Zaradi oteženega dela s kmetijsko mehanizacijo pod krošnjami dreves, naj bi bila paša 
najbolj primeren način rabe travniških sadovnjakov, hkrati pa tako govedo kot tudi drobnica 
na pašniku hitreje in po naravni poti sklenejo tok hranil (Vidrih, 2003). Enotna košna ali 
pašna raba travniških sadovnjakov je otežena zaradi načina dedovanja v preteklosti, saj so 
parcele kmetijskih površin zelo majhne in razpršene. Da bi rešili dilemo o rabi travinja v 
travniških sadovnjakih, je potrebno vedeti več o kmetijski rabi takih območij. V tej 
magistrski nalogi smo poskušali predstaviti rezultate o pridelavi suhe snovi in kakovosti 
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zelinja ter botanično sestavo le-teh v sončnih in senčnih območjih ob dveh različnih rabah 
in sicer kosni in pašni. 
 
Prva predpostavka, ki naj bi jo potrdila ali zavrgla ta opazovalna študija je, da je na košenih 
površinah travniških sadovnjakov večji delež trav in travniških vrst z visoko hranilno 
vrednostjo, saj pri pašni rabi vsakoletna selektivna paša govedi omogoča vzpostavitev 
ugodnih razmer za travniške vrste z nižjo hranilno vrednostjo.  
 
Pri drugi predpostavki primerjamo proizvodnjo suhe snovi travniškega zelinja sončnih in 
senčnih območij travniških sadovnjakov pri dveh različnih rabah. Senčne lege naj bi bile 
zaradi zmanjšanjega sončnega obsevanja manj produktivne, četudi bi lahko odpadlo listje in 
zadržana vlaga pripomogla k nasprotnemu rezultatu. Namen te opazovalne študije je zajeti 
in primerjati pridelek suhe snovi travinja visokodebelnih travniških sadovnjakov, kakovost 
zelinja in botanično sestavo travne ruše, ki se je vzpostavila z večletno rabo kot travnik ali 
kot pašnik. 
 
Po mnenju kmetovalcev je pridelava travinja s pašo manjša kot s košno rabo (Starz in sod., 
2016). Zagotavljanje zadostne količine in primerne kakovosti paše je vsakoletni izziv 
(Corrall in Fenlon, 1978). Potrebno je letno načrtovanje paše z ozirom na vremenske razmere 
(Starz in sod., 2016). Vsebnost hranil v zelinju je močno odvisna od pogostosti, načina in 
časa rabe ter gnojenja (Kramberger in Gselman, 2000; Santis in sod., 2004). Z vidika 
pridelave zelinja je pomembno, da botanična sestava travne ruše sestoji iz 50 – 60 % trav, 
20 – 30 % metuljnic in 10 – 20 % zeli. Takšna travna ruša naj bi bila produktivna, z dolgo 
rastno dobo ter visoko hranilno vrednostjo (Čop, 1998). Botanična sestava travne ruše, 
skupaj z okoljskimi dejavniki in nivojem oskrbljenosti tal, vpliva na kakovost in količino 
zauživanja krme pašnih živali (Shaklane in sod., 2013). Močan vpliv na kakovost zelinja ima 
botanična sestava travne ruše in stopnja zrelosti ob rabi, še posebej tam, kjer prevladujejo 
trave. Bela detelja (Trifolium repens) izboljšuje stabilnost in kakovost zelinja. Tekom 
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dolgotrajne pašne in košne rabe se botanična sestava prilagodi preskrbljenosti tal s hranili, 
vrsti pašnih živali in vodenju paše (Arnold, 1960).  
 
Pri vsakoletnem vodenju paše je potrebno upoštevati, da preskrbljenost s hranili ni 
enakomerna na pašnih površinah in, da izraba dušika in kalija preko zelinja bolj variira kot 
izraba fosforja (Bohner in Tomanova, 2006). Da bi travniško krmo pridelovali kar se da 
produktivno, je potrebno najti kompromis med količino in kakovostjo zelinja. Ključni 
faktorji kakovostne krme so dobre vsebnosti surovih beljakovin, surove vlaknine, deleža v 
kislem detergentu netopne vlaknine in metabolne energije (Čop, 1998). Najpomembneje za 
letni pridelek zelinja je, da je prva košnja v letu opravljena pravočasno, da ta pozitivno vpliva 
na rast druge košnje (Čop, 1998). V senčnih legah travniških sadovnjakov, rabljenih s pašo, 
se nahajajo kompleksne interakcije med pašo, gaženjem travne ruše ter istočasno povrnitvijo 
hranil z urinom in blatom (Rogers in Whalley, 1989). Senca sadnih dreves vpliva na rast 
travinja (Derner in Wu, 2001).  
 
Travniški sadovnjaki so kot del kulturne krajine pomembni tudi za življenjsko okolje 
mnogoterih živalskih vrst, ki so z intenziviranjem kmetijstva, izgubile prvotno življenjsko 
okolje. Okolje s kombinacijo travne ruše, grmičevja in sadnih dreves zagotavlja biotope za 
ohranitev že ogroženih živalskih vrst, hkrati pa se z njimi zmanjšuje tudi erozija tal (Dahlem, 
2017). Travniški sadovnjaki so s pridelavo sadja pomembni z vidika proizvodnje hrane, 
hkrati pa prispevajo pomemben delež tudi h kulturni krajini, obuditvi le te in ekoturizmu, ki 
se dandanes čedalje bolj razvija. 
 
Kmetija na kateri smo izvajali opazovalno študijo se nahaja na severnovzhodnem območju 
Švabske Jure, natančneje v kraju Unterlenningen (bližina Stuttgarta, 009°27'16" južno, 
48°33'52" zahodno). Območje opazovalne študije ima plitvo, rjavo prst rendzine, na podlagi 
apnenca, laporja in dolomita s pH vrednostjo 7,4. Kmetija se nahaja na 438 m nadmorske 
višine s povprečno letno temperaturo 8,6 °C in višino povprečnih letnih padavin 748 mm. V 
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opazovalno študijo smo vključili šest površin travniških sadovnjakov (Streuobstwiese) z 
velikostjo 0,61 ha. Tri parcele so trajno košene 3- do 4krat letno, naslednje tri parcele 
travniških sadovnjakov pa so pašene od aprila do oktobra. Dodatno smo travniške 
sadovnjake razdelili na sončna in senčna območja, kjer sončna območja predstavljajo 60 %, 
senčna pa 40 % površin.  
 
Opazovalno študijo smo izvedli ob prvih dveh košnjah v letu 2017, saj ti na kmetiji običajno 
predstavljata do 70 % letnega pridelka travniške krme (Žnidaršič insod., 2015). Opazovali 
smo tudi prva dva obhoda paše, kjer se je paslo 17 telic lisaste pasme. Pašniki so bili ograjeni 
z elektro ograjo, napajalno mesto in lizalni kamen sta bila telicam vedno na voljo. Za potrebe 
določitve preskrbljenosti s hranili v tleh, smo pred košnjo vzeli vzorce tal. Rezultati analiz 
so pokazali višjo preskrbljenost s kalijem v senčnih območjih pašnikov in sončnih območjih 
travnikov ter nekoliko višjo preskrbljenost z magnezijem v senčnih območjih. Na pašnikih 
se običajno pasejo telice lisaste pasme v starosti od 12 do 19 mesecev, ki povprečno 
pognojijo pašne površine s 4,6 m³ iztrebkov na hektar. Pašniki so vsako leto spomladi in 
jeseni gnojeni z 12 m³ gnojevke na hektar. Za večji hektarski donos so bile košene površine 
v letu 2013 dosejane s travno deteljno mešanico in v letu 2014 ter 2015 gnojene s 
superfosfatom (100 kg ha-1).  
 
Za potrebe določanja suhe snovi in kakovosti zelinja na košenih površinah smo en dan pred 
prvo (16. maj) in pred drugo (16. junij) košnjo odvzeli reprezentativne vzorce (n = 3) zelinja 
za vsako opazovano območje posebej, pomerili višino travne ruše in določili stopnjo razvoja 
trav na treh mestih v okvirju velikosti 0,8 m × 0,8 m. Podobne meritve smo izvedli na 
pašnikih po metodi (Corrall in Fenlon, 1978). Prvo vzorčenje zelinja vseh treh pašnih površin 
(pašniki C, A, B) smo izvedli preden smo telice prignali na pašo. Po petih dneh paše na 
prvem pašniku (pašnik C), smo vzorčenje zelinja opravili na naslednjih dveh pašnikih (A, 
B) in hkrati izvedli tudi ocenjevanje pašnih ostankov na pašniku C. Telice so se nadaljnjih 
pet dni pasle na drugem pašniku (pašnik A), kjer smo po koncu paše prav tako opravili oceno 
pašnih ostankov. Glede na vremenske razmere, ki niso omogočale optimalnega prirasta 
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zelinja, smo morali pašo na tretjem pašniku zamakniti za nekaj dni. Pred pašo na zadnjem 
pašniku (pašnik B) smo opravili vzorčenje zelinja in po petih dneh paše tudi oceno pašnih 
ostankov.  
 
Drugi pašni obhod se je pričel 7 tednov po začetku prvega. Postopek vzorčenja je bil pri 
drugem pašnem obhodu enak kot pri prvem. Vzorci zelinja so bili sušeni na Univerzi 
Hohenheim do suhe snovi (pri 60°C, 48 h) in kasneje analizirani na parametre kakovosti 
krme v laboratoriju Kmetijskega centra Baden-Württemberg (LAZBW) Aulendorf. 
Analizirani so bili naslednji parametri: surove beljakovine, v kislem detergentu netopne 
vlaknine, surovi pepel, surove maščobe, vsebnosti kalcija, kalija, magnezija in fosforja. 
Izračunane so bile tudi vrednosti za metabolno energijo in neto energijo laktacije. Da bi lažje 
določili količino krme, ki jo živali zaužijejo s pašo, smo na vsakem pašniku v sončnem in v 
senčnem območju uporabili kletke, ki so telicam onemogočale dostop do krme. Po koncu 
vsake paše smo z merjenjem suhe snovi pod kletko določili količino zaužite krme s pašo.  
 
Botanično analizo travniške ruše v začetku maja (10. maj) smo opravili na 25 m2 površine 
po metodi Klapp in Stählin (1936) z določanjem relativnega deleža posameznih vrst trav : 
metuljnic : zeli v suhi snovi. Pomembno je poudariti, da je bila botanična analiza na travnikih 
opravljena 14 dni pred prvo košnjo, kar je bil optimalen čas za prepoznavnost rastlinskih 
vrst. Na pašnikih je bila ta opravljena kmalu po prvi paši, kjer so bile rastlinske vrste dobro 
prepoznavne. Na tretjem pašniku (B) smo botanično analizo opravili kasneje, 23. maja, saj 
v prvem terminu botanična analiza zaradi zgaženosti travne ruše ni bila mogoča.  
 
Za prikaz podatkov botanične analize smo uporabili metodo glavnih komponent (ang. 
Principal component analysis = PCA), ki nam skrči podatke in jih prikaže na diagramu z 
glavnimi komponentami. V našem primeru sta to travnik (meadow) in pašnik (pasture) ter 
sončna (sun) in senčna območja (shadow). Metoda glavnih komponent pojasnjuje korelacije, 
povezave različnih travniških vrst s travnikom ali pašnikom in sončnim ali senčnim 
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območjem. Rastline imajo konstantna predvidena življenjska okolja, ki temeljijo na 
njihovem ekološkem obnašanju. Grime (1974; 1979) je na tej podlagi opisal 3 glavne tipe 
ekoloških strategij, ki jih rastline uporabljajo za uveljavljanje ali neuvaljevljanje v 
določenem življenjskem okolju; 
• Strategija C predstavlja kompetativno strategijo, to so rastline v nemotečem okolju z 
zadovoljivo preskrbljenostjo s hranili.  
• Strategija S predstavlja strategijo stresa, kar pomeni, da so to rastline, ki se lahko 
prilagodijo na stalno stresno okolje (npr. vlažnost, slanost).  
• Strategija R predstavlja ruderalno strategijo, katero uporabljajo rastlinske vrste, ki 
dobro prenašajo moteče dejavnike, okolje pa ostaja konstantno (Klotz in Kühn, 
2002).  
Vsaka rastlinska vrsta ne more pripadati točno določeni strategiji, zato obstajajo kombinacije 
le teh (CR, CS, SR, CSR) (Klotz in Kühn, 2002). Tako so rastlinske vrste lahko tudi dober 
ekološki indikator okolja.  
 
S programom Tabula 5.0 (Ellenberg in sod., 2001) smo na podlagi podatkovne baze opravili 
oceno kakovosti zelinja, preskrbljenosti tal s hranili, občutljivost rastlinskih vrst na košnjo 
in na pašo. Na ta način so bili določeni indikatorji potreb po svetlobi, vlažnosti okolja, 
reakcijski sposobnosti tal in temperaturni nivo na lestvici od 1 do 9 za posamezne opazovane 
površine. Kakovost zelinja se ocenjuje po Klapp in sod., (1953) od vrednosti -1 (strupeno) 
do 8 (odlična hranilna vrednost). Občutljivost rastlinskih vrst na pašo je definirana s 
sposobnostjo regeneracije po defoliaciji, glede na količino shranjenih asimilatov (Briemle, 
1997). Lestvica od M 1 do M 9 predstavlja oceno za rastlinske vrste, ki ne prenašajo 
defoliacije (M 1) ter tiste, ki se po defoliaciji odlično regenerirajo (M 9). Rastlinske vrste, ki 
se pogosto pojavljajo na pašnikih, ker se jih živali izogibajo, niso občutljive na pašo in 
gaženje – označujemo jih z W 9. W 1 predstavljajo tiste rastlinske vrste, ki niso primerne za 
pašo in se po defoliaciji tudi ne regenerirajo. Da bi lahko določili kakšna je razlika v 
svetlobnem obsevanju v senčnih območjih sadnih dreves v primerjavi s sončnimi območji, 
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smo izvajali tudi meritve sončnega obsevanja na dveh različnih višinah travne ruše (5 cm in 
30 cm). Meritve smo izvajali ob optimalnem sončnem vremenu med 10. in 12. uro dopoldan 
na dan 10. maj, 23. maj in 16. junij. Fotosintetsko aktivno sevanje (PAR), ki je sprejemljivo 
za rastline je na valovnih dolžinah 400 – 700 µ mol m-2 s-1. Meritve PAR smo izrazili tudi 
kot relativno sončno obsevanje na 5 cm v primerjavi z meritvami na 30 cm višine. Zbrane 
podatke o suhi snovi zelinja in komponente kakovosti zelinja smo prikazali s pomočjo 
programa Excel (srednja vrednost, standardni odklon). Za botanično analizo smo uporabili 
metodo glavnih komponent (PCA) ter program Tabula 5.0. Podatke sončnega obsevanja smo 
obdelali z uporabo GLM procedure programa SAS. 
 
Rezultati analize tal so pokazali podobne rezultate preskrbljenosti tal s hranili, kot so jih 
določili ekoločki indikatorji tal na podlagi botanične analize. Senčna območja travnika in 
sončna območja pašnika so slabše preskrbljene s hranili v primerjavi s sončnimi območji 
travnika in senčnimi območji pašnika. Vzorčenje zelinja na košenih površinah je pokazalo, 
da je bilo na sončnih območjih prve košnje 35,5 dt SS ha-1, v senčnih območjih pa kar 10 dt 
SS ha-1 manj. Razlika v količini suhe snovi zelinja je bila manjša pri drugi košnji, ko je na 
sončnih območjih zraslo 16,2 dt SS ha-1, na senčnih pa le 2 dt SS ha-1 manj. Skupno je bilo 
v prvi košnji nakošeno 31,4 dt SS ha-1, 14,2 dt SS ha-1 je bilo nakošeno ob drugi košnji, ki 
je bila opravljena 4 tedne po prvi. Korelacija oz. povezava med količino priraslega zelinja 
na hektar in deležem senčnih leg na košenih površinah znaša 0,71, kar dokazuje močan 
negativen vpliv sence sadnih dreves na prirast zelinja.  
 
Na enem izmed treh pašnikov (pašnik B) smo spremljali prirast zelinja od začetka prvega 
pašnega obhoda in do konca drugega pašnega obhoda. Prirast v začetku aprila je bil na 
sončnih območjih (5,8 dt SS ha-1) izdatnejši kot v senčnih (4,1 dt SS ha-1). Prirast zelinja 
med prvim in drugim vzorčenjem je bil enormen, masa zelinja se je podvojila. Tretje 
vzorčenje je pokazalo ničelno rast. Razlog za to so bile slabe vremenske razmere s snežnimi 
padavinami ob koncu aprila. Do četrtega vzorčenja na začetku drugege pašnega obhoda je 
preteklo 7 tednov od začetka prvega pašnega obhoda. Ta čas je bila masa zelinja precej večja 
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kot ob začetku prvega pašnega obhoda, sprememba le v času drugega pašnega obhoda ni 
bila tako izrazita kot v prvem pašnem obhodu. Potrebno je poudariti, da so senčna območja 
v večini primerov za 32 % manj produktivna kot sončna območja. Izjema je predzadnje 
vzorčenje, kjer smo ugotovili v senčni legi okoli 4,4 dt SS ha-1 več kot na sončnem območju.  
 
Spremljanje mase zelinja pod kletkami na pašniku nam je pokazalo podobne rezultate. V 
prvem pašnem obhodu na prvem pašniku (pašnik C), so bile razlike med senčnim in sončnim 
območjem manjše kot v drugem pašnem obhodu. Prav tako se bile precejšnje razlike vidne 
med posameznimi pašniki. Pašnik A je imel v prvem pašnem obhodu večje priraste v senčnih 
območjih, v drugem pašnem obhodu pa v sončnih območjih. Pašnik B je imel v senčnih 
območjih precej slabše priraste zelinja kot v sončnih območjih, korelacija med deležem 
senčnih območij in pridelkom zelinja na pašniku B je srednje močna (0,60). Srednja vrednost 
merjene suhe snovi zelinja je pokazala, da so senčna območja v prvem pašnem obhodu za 
26 % manj produktivna, v drugi pa za 35 %. Močno povezavo prirastov zelinja z deležem 
senčnih območij na pašnih površinah potrjuje tudi njuna korelacija 0,83.  
 
Da bi lahko ocenili primernost količine paše za telice, smo ocenjevali tudi pašne ostanke na 
sončnih in senčnih območjih pašnikov (n = 3). Pašniki v prvem pašnem obhodu so bili v 
večini zelo popašeni. Tako v prvem kot v drugem pašnem obhodu je bilo v senčnih območjih 
bolje popašeno kot v sončnih.  
 
Rezultati botanične analize so pokazali, da trave prevladujejo predvsem v senčnih območjih 
(66,5 %), kjer je travna ruša tudi redkejša. V sončnih območjih je bilo na košenih površinah 
prepoznanih 50,7 % trav, na pašnih površinah pa 46,0 % trav. Prav tako imajo senčna 
območja (4,0 %) manjši delež metuljnic v primerjavi s sončnimi območji (6,3 %), kljub temu 
je delež metuljnic na splošno večji na košenih kot na pašnih površinah. Delež zeli se v 
senčnih območjih ni znatno razlikoval med košenimi (24,0 %) in pašnimi (29,5 %) 
površinami. Obstaja verjetnost, da je rezultat botanične analize pašnika B po močno 
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zgaženem pašniku v prvem pašnem obhodu posledica slabega vremena konec aprila, saj se 
je namreč v sončnih območjih najbolje regenerirala bela detelja (Trifolium repens), ki k 
rezultatom botanične analize prinaša velik, nadpovprečen delež metuljnic (27,3 %). Delež 
metuljnic na košenih sončnih območjih je znašal 14,3 %. Delež zeli je bil rahlo večji na 
sončnih košenih površinah (35,0 %) v primerjavi s sončnimi pašnimi površinami (26,7 %). 
Znano je, da optimalna botanična sestava travne ruše prinaša količinsko zadostno in 
kakovostno krmo (Čop, 1998).  
 
Da bi lahko ocenili primernost sestave travne ruše sončnih območij košenih in pašnih 
površin, smo naše rezultate primerjali z rezultatom botanične analize poskusa, ki se nahaja 
v bližini našega in nima prisotnih sadnih dreves. Ta poskus je del evropskega projekta Natura 
2000, “Vzdrževanje in izboljšava travnikov FFH (flora - favna, - habitat)”, kjer se v eni od 
variant prva košnja izvaja v sredini meseca maja, gnojeno je z N (35 kg ha-1), P2O5 (35 kg 
ha-1), K2O (120 kg ha
-1). FFH poskus se nahaja na 470 m nadmorske višine s povprečno 
količino 968 mm letnih padavin in 9,6 ºC povprečno letno temperaturo (Thumm in sod., 
2017). FFH poskus že štiri leta primerja različne nivoje gnojenja, kjer je znano, da prva 
košnja v sredini maja vpliva na proporcionalni delež funkcionalnih skupin (trave : metuljnice 
: zeli). Potrebno je poudariti, da so naši rezultati v primerjavi s FFH poskusom pokazali 20,3 
% manjši delež trav na košenih površinah in 24,3 % na pašnih površinah. Razlika pri zeleh 
na košenih površinah je bila s 7,3 % v prid FFH površinam, delež zeli na pašnih površinah 
pa je bil zelo podoben kot pri FFH poskusu. Na sončnih območjih košenih površin je bil 
delež metuljnic optimalen, za desetkrat večji kot pri FFH poskusu. V primerjavi s pašnimi 
površinami, delež trav ni optimalen in je pod deležem trav FFH poskusa. Delež zeli na 
sončnih pašnih površinah je 25 %, a če izključimo ponovitev na pašniku B z visokim deležem 
metuljnic se rezultat drastično spremeni. Torej je delež metuljnic na sončnih pašnih 
površinah 1,2 %, kar je zelo podobno kot pri FFH poskusu.  
 
Število različnih rastlinskih vrst, ki so se pojavile na različnih opazovalnih površinah nam 
pove, da imajo senčne lege več raznolikih rastlinskih vrst (košene površine 28,3, pašne 
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površine 21,0) v primerjavi s sončnimi območji (košene površine 21,3, pašne površine 17,3). 
Zastopanost posameznih vrst funkcionalnih skupin v travni ruši nam pove, da je na košenih 
senčnih površinah v povprečju 11,7 vrst trav, nekaj manj na pašnih površinah (9,0 vrst). 
Košene sončne površine imajo 8 različnih vrst trav, senčne pašne površine pa le 6,7 vrst. 
Raznolikost vrst zeli je velika pri senčnih košenih površinah (13,7 vrst), pri sončnih košenih 
površinah (11,0 vrst), malo manjša raznolikost zeli je v senčnih pašnih površinah, še manjša 
pa na sončnih košenih površinah. Metuljnice so bile običajno zastopane s tremi različnimi 
vrstami na vseh štirih opazovanih površinah.  
 
Rezultati analize glavnih komponent (PCA) so nam pokazali 46,9 % pojasnjene variance. 
Prva os ima visoko korelacijo (0,86), s pašnimi površinami pozitivno in negativno s košenimi 
površinami. Druga os ima srednje močno povezavo (0,64), pozitivno povezano s sončnimi 
legami in negativno povezano s senčnimi legami. Rezultati strategije ekoloških tipov so nam 
podali nepričakovan izid. Pričakovano je bilo, da bo v sončnih območjih več rastlinskih vrst 
s kompetativno strategijo, a jih je bilo v senčnih (72 %) več, kot v sončnih območjih (61 %). 
Naslednja strategija, ki je prevladovala, je bila kombinacija med kompetativno, stresno in 
ruderalno strategijo (CSR), v sončnih površinah z 38 % in v senčnih z 29 %. Le malo je bilo 
prisotne kompetativno – ruderalne strategije, še manj pa kompetativno - stresne strategije.  
 
Indikator za nivo preskrbljenosti tal s hranili sporoča, da so tla bolje preskrbljena na sončnih 
košenih in senčnih pašnih površinah, kar sovpada tudi z rezultati analize tal. Indikator 
kakovosti krme (Klapp in Stählin, 1936) je rahlo boljši na sončnih košenih površinah, a 
slabši v senčnih. Ocena občutljivosti na pašo nam sporoča, da so v sončnih območjih pašnih 
površin uveljavljene tipične rastlinske vrste, ki dobro prenašajo pašo. Pri indikatorju 
občutljivosti rastlinskih vrst na košnjo ni bilo prepoznanih razlik med posameznimi 
opazovalnimi površinami. Indikatorji potreb po svetlobi, vlažnosti okolja, reakcijski 
sposobnosti tal ter temperaturni nivo na lestvici od 1 do 9 so nam pokazali, da imajo 
rastlinske vrste v tem območju precejšnje potrebe po sončnem obsevanju, relativno dobro pa 
prenašajo tudi senčne lege. Vidna je bila razlika med sončnimi in senčnimi območji, rastline 
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senčnih leg se nahajajo pod krošnjo dreves. Indikator vlažnosti je prikazal sveža tla, srednje 
vlažnosti s sprejemljivostjo občasnega sušnega obdobja, kjer pa razlike med sončnimi in 
senčnimi površinami niso bile prepoznane. Indikator za temperaturo nam pove, da je 
območje srednje toplo. Na podlagi botanične sestave travne ruše lahko zelo dobro 
predvidimo hranilno vrednost zelinja (Peratoner in sod., 2016).  
 
Da bi povezali kakovost krme na podlagi priporočil Briemle in sod. (2002), smo analizirali 
tudi vse odvzete vzorce zelinja. Vrednosti od 5 do 7 predstavljajo srednjo do dobro kakovost 
krme. Na sončnih košenih površinah je bila vrednost kakovosti krme ocenjena s 6,0 in s 6,3 
na senčnih. Na pašnih površinah pa s 6,4 v sončnem območju in s 5,8 v senčnem območju. 
Rezultati laboratorijske analize krme podajajo, da je bila razlika v koncentraciji surovih 
beljakovin (SB) na košenih površinah med prvo in drugo košnjo 4,1 % v sončnem območju 
in 4,8 % v senčnem območju. Krma druge košnje v sončnem območju je s 16,3 % SB kg-1 
SS boljša kot krma prve košnje (12,1% kg-1 SS). V času prvega pašnega obhoda so bile SB 
s 16 % kg-1 SS v sončnih območjih mnogo boljše kot v drugem pašnem obhodu. Podoben 
vzorec se je pojavil tudi v senčnih območjih.  
 
Z v kislem detergentu netopne vlaknine lahko predvidimo energijsko vrednost krme in 
prebavljivost le te (Henning in sod., 1996). Ta je bil ob prvi košnji rahlo višji kot ob drugi 
košnji, nasprotno pa se je izkazalo pri paši. V prvem pašnem obhodu je bil ta za okoli 4 % 
višji kot v prvi, senčna območja so imele pri obeh rabah rahlo višje vrednosti v kislem 
detergentu netopnih vlaknin kot sončne.  
 
Minerali kot so fosfor, kalij, kalcij in magnezij so bili analizirani v okviru kakovosti krme. 
Nivo odvzetega fosforja s krmo se med različnimi opazovalnimi površinami ni razlikoval, 
ta je bil le rahlo višji pri odvzemu druge košnje. Nivo kalija je bil očitno višji na pašnih kot 
na košenih površinah. Prav tako ob prvi košnji ni bilo razlik med sončnim in senčnim 
območjem. Na pašnih površinah je bil nivo kalija v senčnih območjih nekoliko višji kot v 
Trček U. Performances and limits of using meadows with ... trees under long term grazing and cutting conditions in South Germany. 
    M. Sc. Thesis. Ljubljana, University of Ljubljana, Biotechnical faculty, Department of Animal Science, 2017 
85 
 
 
sončnih. Rezultati so pokazali, da nivo kalcija na košenih površinah bolj variira kot na pašnih 
površinah. Košene sončne površine so imele višji nivo kalcija v primerjavi s senčnimi ob 
obeh košnjah. Ta vzorec se ni pojavil pri pašnih površinah, kjer je bil nivo kalcija precej 
izenačen. Nivo magnezija v odvzeti travniški krmi je rahlo višji kot na pašinih površinah, 
sicer med sončnim in senčnim območjem ter med prvo in drugo rabo ni bilo razlik.  
 
Metabolna energija (ME) in neto energija za laktacijo (NEL) sta rezultata analize krme, 
izračunana na podlagi analiziranih vrednostih krme (Ball in sod., 2001). Nivo ME prve in 
druge košnje je bil zelo podoben (okoli 10,7 MJ ME kg-1 SS). Razlike med prvim in drugim 
pašnim obhodom so bile bolj prepoznavne, kjer so sončna območja dosegla 11,2 MJ ME kg-
1 SS ob prvem pašnem obhodu in 10,5 MJ ME kg-1 SS v drugem pašnem obhodu. V obeh 
primerih se za odtenek nižja vrednost pojavi v senčnih območjih. Spremljali smo tudi 
spreminjanje ME tekom časa na pašniku B. V prvem pašnem obhodu je bilo nihanje ME na 
pašniku B minimalno (okoli 11,2 MJ ME kg-1 SS), a v smeri zmanjševanja. V drugem 
pašnem obhodu so bile vrednosti ME sicer rahlo nižje, a stabilne (okoli 10,6 MJ ME kg-1 
SS). V vseh primerih imajo senčna območja za okoli 2,6 % nižjo vrednost ME kg-1 SS krme. 
Meritve sončnega obsevanja so nam podale statistično značilne rezultate, kjer je 38,7 % 
variance pojasnjene prek različne rabe (košnja, paša), sončnih in senčnih območij ter 
različnih nivojev meritev. Največje razlike nastopijo med sončnimi in senčnimi območji ter 
med dvema različnima višinama meritev (5 in 30 cm). 
 
Travniški sadovnjaki niso pomembni le za življenjska okolja mnogih živalskih vrst, 
preprečevanje erozije zemlje in ohranjanje čiste vode (Agnoletti, 2016). S kmetijskega 
vidika so zelo pomembne predvsem za pridelovanje krme za živali. Rezultati vzorčenja 
zelinja potrjujejo vpliv sezonske rasti, ki narašča do sredine maja in se do junija že znatno 
zmanjša (Čop, 2009). Ravnovesje med ponudbo zelinja na paši in potrebami živali, sta 
glavna faktorja uspešnega vodenja nadzorovane paše. Na pašnih površinah je bilo v senčnih 
območjih prvega pašnega obhoda 38 % SS ha-1 in drugega pašnega obhoda 21, 6 % SS ha-1 
manj kot v sončnih območjih. Če primerjamo dve različni rabi, je razvidno, da smo s košnjo 
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pridelali več suhe snovi zelinja. Razlog za to je zgoden začetek paše (10. april), ko je bil 
dnevni prirast zelinja zelo visok. Če bi pašo začeli kasneje, bi dosegli večji pridelek suhe 
snovi, a le nekoliko slabšo kakovost krme. Prvi pašni obhod se je pričel s pašnikom C, kjer 
je velik del površine predstavljala trstikasta bilnica (Festuca arundinacea). Ta vrsta trave je 
pri govedu načeloma nepriljubljena, a v zgodnjem stadiju le te, je bil pašnik enakomerno 
popašen. Podoben vzorec se je pojavil tudi na naslednjem pašniku A, kjer so bili popašeni 
tudi listi širokolistne kislice (Rumex obtusifolius). Da živali v primeru pomanjkanja krme 
pasejo tudi nepriljubljene vrste rastlin se je izkazalo predvsem pri zadnjem pašniku B, kjer 
ponudba krme, predvsem zaradi neugodnega hladnega vremena, ni bila zadostna. V času 
drugega pašnega obhoda so bile rastlinske vrste že bolj zrele in temu primerno so bili tudi 
pašni ostanki nekoliko večji. Na primeru pašnika C lahko rečemo, da so živali zrelo trstikasto 
bilnico (Festuca arundinacea) in krvavordečo krvomočnico (Geranium sanguineum) le 
delno popasle, prav tako tudi širokolistno kislico (Rumex obtusifolius) na pašniku A. Travna 
ruša na pašniku B se je precej opomogla od prvega pašnega obhoda, spremenila pa se je 
botanična sestava le te. Bela detelja (Trifolium repens) se je na račun nekonkurenčnih trav 
in zeli lahko precej razrasla. Suhe vremenske razmere v sredini junija niso več omogočale 
povečevanja suhe snovi zelinja, temveč njihovo zrelost. Količina suhe snovi na pašniku B je 
bila zopet prenizka za 5 dni paše, kljub temu so nedotaknjene ostale nekatere nepriljubljene 
rastlinske vrste ter suha stebla trav. Pašni ostanki so bili na splošno večji na območjih, kjer 
so se nahajali iztrebki od prvega pašnega obhoda. Zaradi raznolikih vremenskih razmer je 
težko določiti razlike med različnima rabama (košnja / paša) v primerjavi s površinami brez 
sadnih dreves.  
 
Botanična analiza travne ruše je pokazala, da trave prevladujejo v senčnih območjih (66,5 
%), kjer je travna ruša redka, tako pri košenih kot pri pašenih površinah. Senčna območja pa 
so imela manjši delež metuljnic v primerjavi s sončnimi. Med metuljnicami je v sončnih 
območjih prevladovala bela detelja (Trifolium repens), ki preferira svetlejša okolja, saj je 
njena rast nizka (Elsäßer in sod., 2016). Črna detelja (Trifolium pratense) se je pojavljala na 
košenih površinah, ne pa tudi na pašnih površinah, saj gaženja in pogoste defoliacije ne 
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prenaša dobro (Elsäßer in sod., 2016). Delež zeli senčnih območij se med košenimi in 
pašnimi površinami ni znatno razlikoval. Trave so bile v senčnih območjih bolje zastopane 
na košenih kot pa na pašnih površinah, saj visokorasle trave bolje prenašajo senčno lego kot 
nizkorasle metuljnice, kar dokazuje njihov indikator svetlobe, pa tudi naše meritve sončnega 
obsevanja. Prav tako so bile metuljnice bolje zastopane na košenih kot na pašnih površinah. 
Tam je bila bela detelja (Trifolium repens) ena redkih predstavnic metuljnic.  
 
Primerjava sončnih površin s FFH poskusom nam je pokazala, da je delež trav na površinah 
brez sadnih dreves večji, delež metuljnic pa manjši v primerjavi s sončnimi območji košenih 
in pašnih površin. Delež zeli je bil med FFH poskusom in sončnimi območji košenih in 
pašnih površin precej podoben, a je presegal optimalno zastopanost. Več kot 9 rastlinskih 
vrst je imelo visoko korelacijo s senčnimi košenimi površinami, kar pojasnjuje način košnje, 
ki je uveljavljen na kmetiji.  
 
Travniški sadovnjaki so glede načina košnje precej zahtevnejši kot pa dreves prosti travniki. 
Ob košnji ostanejo področja tik ob drevesnem deblu nepokošena. Tam se pojavljajo 
naslednje rastlinske vrste: navadna kopriva (Urtica diodica), plazeči skrečnik (Ajuga 
reptans), navadna sretena (Geum urbanum), volnata medena trava (Holcus lanatus), ki niso 
tipični travniški predstavniki, saj pogoste defoliacije ne prenašajo. Prisotnost rdeče bilnice 
(Festuca rubra), plazečega skrečnika (Ajuga reptans), navadne sretene (Geum urbanum), 
travniške latovke (Poa pratensis), plazeče lakote (Gallium aparine) in dvoletnega dimka 
(Crepis biennis) dokazujejo, da so to rastlinske vrste s srednjo potrebo po sončnem 
obsevanju, prilagojene na spreminjajoč nivo vlažnosti, rastejo na nevtralnih tleh in v srednje 
toplem podnebju. Njihov indikator za kakovost krme je dober, kar dokazujejo tudi rezultati 
analize krme s 10,4 MJ ME kg-1 SS. Niso primerne za pašo, košnjo pa sorazmerno dobro 
prenašajo. Travniška latovka (Poa pratensis) prenaša srednje sončno obsevanje, dobro 
prenaša tako košnjo kot tudi pašo. Rastlinske vrste, ki so močno korelirane s sončnimi 
košenimi površinami so trpežna ljulka (Lolium perenne) ter precejšnji delež metuljnic kot 
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sta bela (Trifolium repens) in črna detelja (Trifolium pratense). Trpežna ljulka raste tako na 
travnikih kot na pašnikih in je neodvisna od rabe, zahteva pa dobro osvetljenost.  
 
Botanična sestava košenih sončnih površin sicer ni bila tipična za 3 do 4 kosno rabo, saj te 
običajno črna detelja ne prenaša. Potrebno pa je poudariti, da so bile sončne košene površine 
v letu 2013 dosejane s travno-deteljno mešanico, kar je najverjetnejši razlog za večji delež 
metuljnic v travni ruši. Metuljnice prispevajo k izboljšanju kakovosti krme v večji meri kot 
trave, saj imajo manj vlaknine, živali pa jih raje zauživajo (Ball in sod., 2001).  
 
Pašne površine, ki se kot take rabijo že vrsto let, imajo botanično sestavo ruše že ustaljeno. 
Prepoznana ni bila nobena rastlinska vrsta, ki bi bila močno korelirana s sončnimi pašnimi 
površinami. S senčnimi pašnimi površinami so bile korelirane naslednje vrste: trstikasta 
bilnica (Festuca arundinacea), plazeča šopulja (Agrostis stolonifera), navadna latovka (Poa 
trivialis) in kumina (Carium carvi), katerih hranilna vrednosti je bila dobra. Ena izmed 
lastnosti navadne latovke je, da dobro zgoščuje redko travno rušo na travnikih kot tudi na 
pašnikih.  
 
Strategije ekoloških tipov, katere uporabljajo rastlinske vrste za svoje preživetje, naj bi 
pokazale prevladujočo kompetativno strategijo v sončnih območjih, ter kompetetivno-
stresno-ruderalno strategijo v senčnih območjih, a se to ni zgodilo. Med košno in pašno rabo 
ni bilo razlik, četudi so bile sončne lege dosejane s travno-deteljno mešanico. Ta naj bi 
vsebovala rastlinske vrste s kompetativno strategijo, da se lahko dobro uveljavijo v travni 
ruši (King, 2017). V senčnih območjih je bilo torej več rastlinskih vrst s kompetativno 
strategijo kot v sončnih. Na pašnih površinah najbrž zaradi pogoste defoliacije in gaženja. 
CRS strategije so bile uporabljene tako v sončnih kot tudi senčnih območjih, a pričakovali 
bi, da bo CRS bolje zastopana na senčnih območjih, kjer je okolje bolj stresno (senca, slabša 
preskrbljenost s hranili v tleh zaradi drevja ...) (King, 2017).  
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Na kakovost krme najbolj vpliva zrelost travne ruše, krma z visoko hranilno vrednostjo pa 
spodbuja zauživanje le te (Ball in sod., 2001). Krma na pašnikih v začetku aprila je bila 
okusna, z visoko vsebnostjo beljakovin. Kakovost krme drugega pašega obhoda in druge 
košnje se s časom ni spreminjala tako hitro kot ob prvi košnji/paši, saj je razmerje med listi 
in stebli ob prvi rabi večje kot pri drugi (Ball in sod., 2001). To se odraža tudi pri v kislem 
detergentu netopni vlaknini, katere vrednost je najvišja v senčnih pašnih območjih druge 
rabe, kar lahko povežemo s starejšo travno rušo. Na košenih senčnih površinah je bila 
koncentracija surovih beljakovin ob prvi in drugi košnji nižja kot v sončnih območjih, kar 
lahko pojasnimo z večjim deležem metuljnic v sončnih območjih, ki vsebujejo do 20 % SB 
kg-1 SS (Elsäßer in sod., 2016). Košnja je bila opravljena ob optimalnem času za zagotovitev 
dobre kakovosti krme, kar je še posebej pomembno za doseganje dobrega nivoja vsebnosti 
beljakovin (Henning in sod., 1996). Če izrazimo kakovost krme z metabolno energijo, bodo 
vzdrževalne potrebe in potrebe za prirejo živali s prvo in drugo košnjo pokrite (Žnidaršič in 
sod., 2015). Koncentracija metabolne energije na kg-1 SS je bila najvišja v začetku prvega 
pašnega obhoda, tekom časa pa se je postopoma zniževala kot poročajo tudi Žnidaršič in 
sod. 2015). Razlika v koncentraciji metabolne energije med sončnimi in senčnimi območji 
ostaja tekom opazovanja konstantna. Vzrok za nižjo koncentracijo metabolne energije je 
slabše fotosintetsko aktivno obsevanje, ki ne zagotavlja optimalnih pogojev za rast visoko-
produktivnih rastlinskih vrst. 
 
Opazovani travniški sadovnjaki so že leta negovani s pašo ali s košnjo. Različna raba ima 
očiten vpliv na botanično sestavo travne ruše. Količina pridelane suhe snovi zelinja na 
travinju visokodebelnih travniških sadovnjakov je v veliki meri odvisna od deleža sadnih 
dreves, ki ustvarjajo senco. Povezava med prirastom suhe snovi na hektar in deležem senčnih 
območij je na košenih močna (0,71), močnejša pa na pašnih površinah (0,83). Košene senčne 
lege (2 – 3 m radij okrog debla) so za 30 % manj produktivne, pašne senčne lege pa za 20 
%, ne glede na čas rabe. Če primerjamo količino pridelane SS zelinja na hektar med košenimi 
in pašnimi površinami, pridelamo s pašo 42,3 % SS kg-1 manj kot s košno rabo. Razlog za 
tako veliko razliko je, da smo prvo pašno sezono pričeli zgodaj, v začetku aprila. Rezultati 
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nam potrjujejo našo drugo hipotezo in nekatere neločljive razlike med travniškimi 
sadovnjaki in odprtimi travniki. Ne slabša preskrbljenost tal s hranili, temveč sadna drevesa 
s svojo senco znižujejo fotosintetsko aktivno sevanje in ne omogočajo optimalnih razmer za 
ustalitev visokoproduktivnih rastlinski vrst.  
 
Ta opazovalna študija potrjuje nekatere slabosti za pridelavo krme na travinju 
visokodebelnih travniških sadovnjakov, saj s košnjo pridelamo več SS na hektar, raba s 
kmetijsko mehanizacijo pa je bolj zahtevna zaradi debel in krošenj dreves. Prva hipoteza je 
torej potrjena, saj trave prevladujejo v senčnih in ne na sončnih območjih. Delež metuljnic 
je večji na košenih kot na pašnih površinah. Razlike med deležem zeli so bile pri vseh 
opazovanih površinah minimalne. Analiza glavnih komponent nam je prikazala večje število 
rastlinskih vrst, ki so ustaljene v polsenčnih območjih (korelirane s senčnim območjem). 
Razvidno je, da so na pašnikih ustaljene tiste rastlinske vrste, katerih se živali ob zadostni 
ponudbi krme lahko izognejo in se zato dobro razmnožujejo. Če primerjamo rastlinske vrste 
na košenih in pašnih površinah, je razvidno, da imajo tiste na košenih površinah boljšo 
možnost zagotavljanja kakovostne krme.  
 
Z vidika strategije ekoloških tipov med košno in pašno rabo ni bilo razlik. Prvi pašni obhod 
s pričetkom aprila je telicam ponudil zelo okusno, beljakovinsko bogato krmo. Razlika med 
koncentracijo surovih beljakovin krme je nastala zaradi različnega časa rabe. Paša se je 
pričela že v aprilu, košnja pa v sredini meseca maja in tako je bila tudi koncentracija 
metabolne energije največja v pričetku prvega pašnega obhoda. Vpliv senčnih območij se na 
parametrih kakovosti krme izrazi z rahlo nižjimi vrednostmi kot v sončnih območjih.  
 
Trajna raba travniških sadovnjakov je pomembna za pridelavo travniške krme, sadja, pa tudi 
za vzdrževanje kulturne krajine, ohranitev biodiverzitete ter razvoja ekoturizma. Košna in 
pašna raba pa lahko, kadar sta ustrezno vodeni, k temu le pozitivno pripomoreta. 
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7.3 ZUSAMMENFASSUNG 
 
Grünland mit Streuobstwiesen ist in Baden-Württemberg ein wesentlicher Teil des 
charakteristischen Landschaftsbildes und hat eine große Bedeutung für die ökologische 
Situation Süddeutschlands. Die Bewirtschaftung dieser Flächen ist aufgrund des 
fortschreitenden landwirtschaftlichen Strukturwandels und dem Fehlen passender 
Nutzungskonzepte nicht nachhaltig. 
Gegenstand der vorliegenden Untersuchungen war es, die landwirtschaftliche Bedeutung 
verschiedener Nutzungsformen dieser ökologisch wertvollen Grünlandflächen festzustellen, 
indem ein Vergleich zwischen Beweidung und Schnittnutzung durchgeführt wurde. Zudem 
wurden die Auswirkungen beobachtet, die der Schatten unter den Bäumen auf den 
Trockenmasseertrag und auf die botanische Zusammensetzung der Grünlandbestände hat. 
Zur Beschreibung der Ertragsverhältnisse wurden sowohl von beweideten und als auch von 
gemähten Flächen jeweils bei den zentral wichtigen ersten zwei Nutzungszeiträumen des 
Jahres Proben genommen und untersucht. Dabei wurden die Beobachtungsflächen jeweils 
in sonnige und schattige Flächen unterteilt. 
Die Ergebnisse zeigten, dass die Streuobstbäume die Trockenmasseerträge negativ 
beeinflusst hatten. In beiden Nutzungszeiträumen war im Schatten der Obstbäume - im 
Vergleich zu sonnigen Bereichen -  der Trockenmasseertrag auf Weideflächen um 25 % und 
auf Wiesen sogar um 29 % geringer. Um die Weidefutteraufnahme zu bestimmen, wurde 
der Trockenmasseertrag unter Weidekäfigen bestimmt. Die gefressene Viehfuttermenge 
wurde mit Weideflächenresten gemessen, um abzuschätzen, wie effizient die Weide unter 
den Streuobstbäumen von den Tieren genutzt wurde. Die Trockenmasseproduktion und 
Futterqualität wurden auf den Weideflächen von Anfang bis Ende der Weidesaison 
beobachtet, wobei sich die typischen jahreszeitlichen Wachstumsschwankungen und 
Veränderungen in der Futterqualität zeigten. Allerdings konnte nicht der gesamte jährliche 
Trockenmasseertrag zwischen dem Wiesen- und Weideland verglichen werden, da die 
Länge des Beobachtungszeitraumes bereits Ende Juni beendet war. Während dieses 
Beobachtungszeitraumes hatten die geschnittenen Flächen mehr zum Trockenmasseertrag 
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beigetragen als die Weideflächen. Grund dafür war, dass die erste Weideperiode früh im 
April eingesetzt hatte, als das Gras gerade erst zu wachsen begonnen hatte. Die erste Nutzung 
fiel also in eine Phase in der die Ertragsbildung noch nicht voll abgeschlossen war.  
Unbestritten hat die botanische Zusammensetzung für die Futterqualität eine große 
Bedeutung. Durch kontinuierliche Beweidung und Schnittnutzung in den vergangenen 
Jahren hatte sich unterschiedliche, für die jeweilige Nutzung typische botanische 
Zusammensetzungen herausgebildet. Die botanische Zusammensetzung wurde Anfang Mai 
nach der Methode Klapp und Stählin abgeschätzt -  auf den Wiesen vor, auf den Weiden 
nach der ersten Nutzung. Daher war die botanische Zusammensetzung von Kräuter auf den 
Wiesen vielfältiger als auf den Weiden. Auf schattigen gab es generell mehr Gräßer als auf 
sonnigen Flächen Leichte Unterschiede wurden zwischen sonnigen und schattigen Flächen 
erkannt. In Schattenbereichen dominierten Gräser, die mit ihrem Spross und ihrem höheren 
Wuchs einen Vorteil gegenüber eher lichtbedürftigen Kräutern hatten. Leguminosen 
etablierten sich aufgrund ihres niedrigeren Wuchses eher auf sonnigen Flächen. Die größte 
Pflanzenvielfalt gab es auf schattigen Wiesen direkt am Stamm, da dort nicht mit 
Landmaschinen gemäht werden konnte. Bei Beweidung trat dieser Effekt aus naheliegenden 
Gründen nicht auf. Auf schattigen Wiesenarealen war der Nährstoffgehalt im Boden etwas 
geringer, weil die Düngung wegen des Baumbestandes erschwert war. 
Aus ökologisch-strategischer Sicht war die kompetitive Strategie dominant auf schattigen 
und auf sonnigen Arealen. Der zweithäufigste Strategietyp war eine Mischung aus 
Konkurrenz, Stress und ruderaler Strategie. Unterschiedliche Pflanzenarten wurden mit 
Polykomponentenanalysen in 4 Beobachtungsarealen auf Basis ihrer ökologischen 
Indikatorwerte eingeteilt. Dabei zeigte sich, dass auf sonnigen Flächen Deutsches 
Weidelgras (Lolium perenne) dominierte; Knaulgras (Dactylis glomerata) trat dagegen 
häufig auf in schattigen Bereichen. Typische Vertreter auf der Weide waren Weißes 
Straußgras (Agrostis stolonifera) und Wiesenrispengras (Poa pratensis) auf den Wiesen. Es 
existierten Unterschiede in der Futterqualität zwischen den Nutzungen: ein höherer Gehalt 
an umsetzbarer Energie (metabolic energy) in der ersten Nutzung im Vergleich zur zweiten. 
In beiden Fällen war der Gehalt an umsetzbarer Energie auf schattigen Arealen niedriger als 
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auf sonnigen. Dies deckte sich auch mit den Messergebnissen der fotosynthetisch aktiven 
Einstrahlung, in welcher beschattete Areale 64% weniger fotosynthetisch aktive 
Einstrahlung erzielten als sonnige Bereiche. 
Aus landwirtschaftlicher Sicht haben Streuobstwiesen mit ihrer Beschattung durch die 
Bäume negativen Einfluss auf die Trockenmasseerträge der Grünlandbestände, doch 
gleichzeitig sind sie als Habitat für Pflanzen und auch die Fauna von überragender 
Bedeutung. Zusammen mit dem Fruchtertrag der Obstbäume sollte das die agrarischen 
Nachteile von Streuobstwiesen ausgleichen können. 
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ANNEXES 
ANNEX A: Locations of botanical analyses and pasture cages 
 
ANNEX A 1 
Location of botanical analyses on sunny and shaded areas on observation plots. Shaded 
areas are located under the trees 
 
ANNEX A 2 
Locations of exclosure pasture cages on sunny (yellow points) and shaded (grey points) 
areas on pastures 
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ANNEX A 3 
An example of exclosure pasture cage on sunny area of pasture B 
 
  
 
 
 
ANNEX B: Official grass – legume mixture NSU  
 
Official grass – legume mixture NSU consists out of 32 % German ryegrass (Lolium 
perenne), 20 % timothy grass (Phleum pratense), 20 % Kentucky bluegrass (Poa pratensis), 
16 % cocksfoot (Dactylis glomerata), 4 % meadow foxtail (Alopecurus pratensis), 12 % 
white clover (Trifolium repens). In locations with dry summer, it is advised to be sown after 
early first cut in May. This mixture is used to improve the composition of grassland sward 
to be more productive and mown 2 – 3,5 times per year (LAZBW, 2016). Mown 
Streuobstwiesen were sown with this mixture with 7 kg ha-1.
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ANNEX C: Graphical shown data of forage quality (crude ash content, crude fat content) 
 
ANNEX C 1 
Content of crude ash in dry matter with standard deviation of first (16 May 2017) and 
second (16 June 2017) meadow cuts in sunny and shaded areas (n = 9) 
 
 
 
ANNEX C 2 
Content of crude fat in dry matter content with standard deviation of first (16 May 2017) 
and second meadow (16 June 2017) cuts in sunny and shaded areas (n = 9) 
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ANNEX C 3 
Content of crude ash in dry matter content with standard deviation at first (10 April – 5 
May 2017) and second (1 June – 24 June 2017) grazing period 
 
 
 
ANNEX C 4 
 Content of crude fat in dry matter with standard deviation at first (10 April – 5 May 2017) 
and second (1 June – 24 June 2017) grazing period 
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ANNEX D: Changing of nutrient contents on pasture B during first and second grazing 
season (crude protein, acid detergent fibre, crude ash, crude fat) 
 
ANNEX D 1 
 Changing of crude protein content with standard deviation during the time on pasture B (n 
= 3) 
 
 
 
ANNEX D 2  
Changing of acid detergent fibre content in organic matter with standard deviation during 
the time on pasture B (n =3) 
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ANNEX D 3  
Changing of crude ash content in organic matter with standard deviation during the time on 
pasture B (n = 3) 
 
 
 
ANNEX D 4  
Changing of crude fat content in organic matter with standard deviation during the time on 
pasture B (n =3) 
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ANNEX E: Graphical shown data of forage quality of net energy for lactation on 
meadows, pastures and changing of it during the time on pasture B 
 
ANNEX E 1  
Content of net energy for lactation on meadows at first (16 May 2017) and second (16 June 
2017) cut on sunny and shaded areas (n= 9) 
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ANNEX E 2  
Content of net energy for lactation on pastures at first (10 April– 5 May 2017) and second 
(1 June – 24 June 2017) grazing period on sunny and shaded areas (n = 3) 
 
 
 
ANNEX E 3 
Changing content of net energy for lactation on pastures at first (10 April– 5 May 2017) 
and second (1 June – 24 June 2017) grazing period on sunny and shaded areas on pasture B 
(n = 3) 
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ANNEX F: Seventeen heifers grazing on pasture B at first grazing period in time from 30 
April to 5 May 2017, Unterlenningen is in background 
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ANNEX G: Explanation of unfavorable weather conditions at the end of April 2017 
 
 
